Weeds 


VOLUME I 
APRIL 1952 
NUMBER 3 


Journal of the Association of Regional Weed Control Conferences 


| 
j 
a 
ae 
7 


EprroriAL Boarp 


Neme Representing 
W. A. Haarvey.......... ...» Western Weed Control Conference, College of Agric., 
Davis, Calif 
ese Southern Weed Control Conference, P.O. Box 2967, 


Beaumont, {exas 

H. L. Yoweu (advertising). .Northeastern Weed Control Conference, Standard 
Oil Development Co., P.O. Box 51, Linden, New 
Jersey 

R..S. Dunnam: ............. North Central Weed Control Conference, College of 
Agriculture, St. Paul, Minn. 


R. L. Lovvorn (circulation). . Association of Regional Weed Control Conferences. 
Div. of Weed Investigations, Bureau of Plant 
Industry, Beltsville, Maryland 


R. D. Sweet, Tempo Editor, Cornell Univ., 
Ithaca, New York 


Weeps is a quarterly journal published by the Association of Regional Weed 
Control Conferences. Editorial offices are located in E. Roberts Hall, Cornell 
University, Ithaca, N. Y. Printing is by the W. F. Humphrey Press, Inc., Geneva, 
New York. Subscription price is $4.00 yearly or four issues; single copies $1.25. 
Address all communications regarding subscriptions to Dr. R. L. Lovvorn, Divi- 
sion of Weed Investigations, Bureau of Plant Industry, U.S.D.A., Beltsville, 
Maryland. For information on advertising contact Dr. H. L. Yowell, Esso Labo- 
ratories, P. O. Box 51, Linden, New Jersey. Manuscripts and inquiries on materia! 
for publication should be addressed to the Editorial offices. 


Entered as second-class matter at the post office 
at Ithaca, New York, and Geneva, New York. 


a4 


| 
| 
| 


Table of Contents 


Editorials. ........ 
Papers 


Inactivation of 2,4-D by Riboflavin in Light by J. R. Hansen and K. P. 


Seeds of Weedy Euphorbia Species and Their Identification by Arnold 


The Effect of Aliphatic Hydrocarbons on the Hypocotyles of Cotton and 
Soybeans and on the Shoots of Nut grass, Johnson grass and other Weeds 
by the Directional Spray Technique by O. A. Leonard and V. C. Harris 


Studies on Spray Retention by Leaves of Different Plants by W. B. Ennis, 
Jr., Ralph E. Williamson, and K. P. Dorschner.................... 


ae of Weed Investigations for October, November, and December, 


Page 
XII 


243 


256 


274 
287 


: a 
| 
4 
4 
4 
237 
| | 
| 
289 : 
| 
| . 


ATLACIDE: A chlorate weed killer 
..-Widely used for non-selective 
eradication of bindweed, Canada 
thistle, quack grass, Johnson grass 
and other tough perennials. Kills 
roots. ..destroys entire plant. . .dis- 
courages regrowth. Applied as spray 
or in original form. Atlacide is 
backed by over 25 years of success- 
ful use, plus an outstanding reputa- 
tion as “the safer chlorate”. 


ATLACIDE WITH 2, 4-D: A com- 
bination of Atlacide and 2,4-D acid. 
Offers dual killing action of sodium 
chlorate and 2,4-D. 


CHLORAX SPRAY POWDER: A 
non-separating composition of so- 
dium chlorate and pentaborate. For 
use where long-lasting residual ef- 
fect is desirable...such as alon 
fence rows, ditch banks, aroun 
buildings and other structures. Kills 
practically all types of weeds and 
_— Creates no fire or poison 
zard. Applied dry or as spray. 


Write for Weed Control Booklet 
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ATLAS “A”: A 40% sodium arse- 
nite solution (4 lbs. arsenic trioxide 
per gal.). Destroys submersed 
tation in ponds and lakes. Used for 
selective control of crabgrass, chick- 
weed and clover in turf. Also used 
as general weed killer for annual 
weeds and . Kills trees and 
shrubs. Applied on pulpwood trees 
as a method for loosening bark to 
facilitate debarking. 


SODIUM ARSENITE: A powder 
containing 75% arsenic trioxide. 
Used for the same pu as Atlas 
“A”. Soluble in water or may be 
applied dry. 


2, 4-D WEED KILLERS: For selec- 
tive control of broad-leaf weeds in 

in and grass crops. Available as 
4-D Amine and 2,4-D Ester liq- 
uids; also 2,4-D Ester dusts. 


2,4,5-T Weed Killer 
Brush Killer (2,4,5-T & 2,4-D) 
Chipman General (Dinitro) 

Sodium Chlorate 


CHIPMAN CHEMICAL COMPANY, INC. 
BOUND BROOK, N. J. 
Chicago, Ill. . Palo Alto, Calif. . Pasadena, Tex. . Portland, Ore. 
Manufacturers of Weed Killers Since 1912 
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WEEDONE. 


Constantly 
Searching------ 


We maintain a permanent 
department whose field re- 
search is ever seeking new 
and improved chemicals 
and methods for weed and 


brush control. 


AMERICAN CHEMICAL PAINT COMPANY 


Agricultural Chemicals Division 
AMBLER, PA. 
Originators of 2,4-D and 2,4,5-T Weedkillers 
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Kolker Quality Chemicals 


GIVE GREATER KILLABILITY 


2, 4-D WEED KILLERS... 


. «Esters and Amine salts. 
Selected weed killers proved ef- 
fective against annual and peren- 
nial weeds, many types of thistle 
and cress—and nettle. 


2,4,5-T BRUSH KILLERS... 


Isopropyl and Butyl esters. 
Low volatile, high kill esters of 
2, 4, 5-T recommended and ap- 
proved for mesquite and other 
brush control on range and grass- 
land, along railroads, pipelines 
and other right-of-ways. 


To meet increasing demands, Kolker—one of the nation’s major producers of weed 
and brush control chemicals—has expanded production facilities at its Newark 
plant. Expert technical assistance supplied. Call on Kolker—and be sure of delivery 


at the right time, at the right price. 


Products of DIAMOND ALKALI’s subsidiary, KOLKER 
CHEMICAL WORKS, specializing in organic chemicals 
for agriculture and industry. 


Order from 
KOLKER CHEMICAL WORKS, INC. 


80 LISTER AVENUE, NEWARK 5, NEW JERSEY 
Plants: Newark, New Jersey and Houston, Texas 


DIAMON 


DIAMOND ALKALI COMPANY lie by 
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WEED CONTROL CHEMICALS 
7IERO Cyanale 


WEEDKILLER 
contains 91% potassium cyanate. Used for pre-emergence 
contact weedkilling, post-emergence selective contact 
weedkilling, weedkilling by directed spraying, top-killing, 
defoliation and post-harvest weedkilling. Relatively non- 
toxic to warm blooded animals. Breaks down immediately 
on contact with soil so residues are no problem. 


7IERO Granamid 


GRANULAR 
Contains 20% nitrogen and 70% lime. In granular form 
for easy handling and application. For pre-emergence 
weed control in peas, corn and other crops. For weed 
control in tobacco and other plant beds. 


HIERO Granamid 


SPECIAL GRADE 
Contains 21% nitrogen and 70% lime. Used as dust for 
pre-emergence residual and contact weed control and 
defoliation of cotton, field beans, and other crops. For 
top-killing of tomatoes and potatoes. 


AMERICAN Cyanamid COMPANY 


Agricultural Chemicals Division 
30 Rockefeller Plaza New York 20, N.Y. 
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Your Farmer 
Pi fo Ask for., 


HAYWARD 


As an expert, you will be asked 
many times by farmers and 
others to recommend pesticides. 


We wanted you to know about 
the NEW Thompson-Hcyward 
- package...and the BLACK TAG! 
Yes we've re-designed the label 
to help the farmer follow out 
your directions...we've taken the 
arithmetic out of crop-spraying. 
The Black Tag states actual 
amount of active ingredients 
contained, making it simple 
to use. 


AGRICULTURAL DIVISION KANSAS city, MISSOURI 


JOMA CITY @ LITTLE ROCK @ SAN ANTONIO @ DES MOINES 
@ HOUSTON e@ DALLAS @ WICHITA @ MEMPHIS @ CHICAGO @ OMAHA @ DENVER 


Crabgrass Killer 
_ | 
(40) & 
farm 
gested, 


rush 


Safely 


conomieally 
wid BRUSH KILLER! 


Pittsburgh as chemical brush killers now provide you 
with a fast, thorough, low-cost method of eradicating woody 

lants, unsightly weeds and nuisance growth from your 
land These scientifically formulated, easy-to-use com- 
att are amazingly effective for clearing stures and 
- e oom fence rows, ditches and roadsides. The cost 

clearing Pittsburgh Brush Killers (a ‘ ‘Pitt Chem” 

nh 1s ye he half the cost of laborious hand-cutting 
methods. They can be ques in water or oil by all types 
of spraying opens. egin impro the appearance 
and increasing the value of your a ‘rod th the fast, 
sure Pittsburgh brush control method 


Ask your gh’ Desler about 
2 Thoroughly Dependable Brush Killers 


% Pittsburgh 10-20. A general purpose brush killer for 
all types of woody growth, ‘conaiaiag 2, 4-D and 2,4,5-T. 


% Pittsburgh 2,4,5-T No. 43. A highly potent - 
brush killer especially recommended for cnadlen ting briars, a 
brambles, etc. 


y wit 


%& Pittsburgh No. 22. A powerful, heavy-duty brush ‘ss 
killer for clearing right of ways, etc. _ 
Dependable Agricultural Chemical Products of the ¥ 


AGRICULTURAL CHEMICAL DIVISION 
6505 Empire State Building, 350 Fifth Ave., New York, N.Y. 
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nozzle for 
effective 
spraying 


upplied in a full range of interchange- 

ble orifice tip and strainer sizes to 
ae every capacity requirement. Tee- 
Jet Spray Nozzles for Weed Control by 
spraying make it possible to take max- 
imum advantage of the chemical and 
sprayer unit. TeeJet nozzles are pre- 
cision built and provide a flat spray 
with uniform distribution. Atomization 
is properly controlled to give coverage 
with an absolute minimum of driftage. 
Patented tip design, with set-back 
orifice opening protects precision orifice 
from accidental damage. TeeJet spray 
nozzles are built for use on spray booms 
and portable sprayers. 


OFF-CENTER SPRAY NOZZLES 


Spraying Systems Spray Nozzles with TeeJet 
tips are supplied in a variety of special body 
types to meet any unusual spraying require- 
ment. For example, one , ee of off-center 
spray nozzle with swivel y provides a flat 
spray up to 35 feet wide for spraying areas 


with a single nozzle, that are not accessible 
with a boom. INTER- 


SUPPLEMENTARY EQUIPMENT 


Complete accessories relating to nozzle use are sup- 
plied. These include strainers, special fittings, 
and hand valve equipment. 


ORIFICE 1 
flat and cone 
spray types 


TeeJet Spray Nozzles are supplied for Weed Control... 

as well as all other types of agricultural spraying. For 

—_ information and reference data write for Bul- 
letin 5 


PRAYING SYSTEMS CO. 
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TEEJET 

SPRAY 

NOZZLE 

female pipe 

connection 

RANDOLPH STREET OD, ILLINOIS 


BRUSH KILLERS 
wave SELF CONTROL, 100: 


You can count on PITTSBURGH Brush Killers to concentrate and 
confine their killing action to the sprayed areas only. This “self control” 
is the result of the low volatile Tetrahydrofurfuryl Esters (THFE)+ which 
all PITTSBURGH Brush Killers now contain. 

For ease and economy of use, plus this NEW safety to nearby valuable 
crops, use PITTSBURGH Brush Killers. tU. S. Patent Pending 


10-20 BRUSH KILLER: General farmland clearance. 
BRUSH KILLER 22: Rangeland clearance, rights-of-way. 
LO-VOL 4: Mesquite, briars, hard-to-kill woody growth. 


PITTSBURGH AGRICULTURAL CHEMICAL COMPANY 
7601 EMPIRE STATE BUILDING, NEW YORK 1, NEW YORK 


Insecticides 
Weed Killers and Brush 2 CME 


Killers o 
Cotton Sprays and Dusts Gran: Building - Pittsburgh 19, Pa 

Chemicals WaD 39658-A 
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WEED AND BRUSH KILLERS 


Developed through research. ..tested and 
proven in the laboratory and field for effec- 
tive, economical control of weeds and brush. 


DU PONT AMMATE (R) WEED KILLER — One 
thorough spraying with “Ammate”’ gives practically com- 
plete kill of many kinds of brush and trees. One treatment 
lasts for years because ‘““Ammate” destroys roots as well 
as the tops. 


DU PONT 80% CMU WEED KILLER — An outstand- 
ing, new, powerful weed killer especially suitable for use 
wherever it is desired to keep the ground bare. Tests 
indicate that one application of CMU provides effective 
control of grass and broadleaf weeds for as long as a year 
or more. 


OTHER DU PONT WEED AND BRUSH KILLERS 


INCLUDE: 

2,4-D - 2,4,5-T Ester (low volatile) 
2,4,5-T Ester (low volatile) 
2,4-D — 2,4,5-T Amine 

2,4,5-T 57% Amine 

90% Sodium TCA 
2,4-D Amine 
2,4-D Ester 


oar 
Things for Better Living Through Chemises 


1. DU PONT DE NEMOURS & CO. (INC) 


CHEMICALS 
WILMINGTON OS. DELAWARE 


BRUSH 


Control Program 


IR AND GROUND APPLICATIONS MADE EASY WITH 4 LB. FORMULATIONS 


GEIGY 2,4,5-T No. 400— 2457 acid equiva 
lent per gallon. Brush and woody plant control on range 


GEIGY BRUSH KILLER No. 22— ibs. (each gallon 
contains 2 Ibs. each of 2,4-D and 2,4,5-T acid equivalent). 
Brush and woody plant control on range land, power line 


ORIGINATORS OF @ 


GEIGY COMPANY, INC. 89 BARCLAY ST.. N. Y. 8, N.Y. 


Aberdeen, N. C.; Burlington, lowa; Colorado Springs, Colo.; Elkton, 
Md.; Fresno, Calif.; Houlton, Me.; Leland, Miss.; McGregor, Tex.; 
Orlando, Fla.; Walle Walla, Wash. 
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GEIGY 2,4-D ESTER WEED KILLER No. 4— 
2,4-D acid equivalent per gallon. Weed control in small 
y 4 grains, corn, flax, pastures, fence rows, roadsides, ditch- 7 
Be 
7 
ff “34 a land, power line right-of-ways, stump land, roadsides, etc. | 4 
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GEIGY “Lo-V" BRUSH KILLER No. 500— $ (each \ 
gallon contains 2 Ibs. each of 2,4-D and 2,4,5-T'acid equiva- 
woody plant control on range land, power line right-of-ways, N 
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Terminology 


T= QUESTION of uniformity of terminology for the weed control 
field is beginning to receive the coordinated attention we think 
it deserves. About ten plant societies, including this one, have been 
formally contacted by the American Society for Horticultural Science 
with a general proposal for clarifying the terminology situation. The 
response to that society’s proposal has been most gratifying. Each 
organization was very much aware of the problem and several had 
specific suggestions for procedure. 

At this writing a possible course of action appears to be developing 
along the following lines: First, each society is to attempt to put its 
own house in order and is to have representation on a general com- 
mittee. The general committee will attempt to resolve differences 
in terminology between societies. It will also work closely with the 
national advisory committee already functioning at the national 
and international levels with problems of terminology, toxicology, 
etc., in the entomology and pathology fields. 

The Association of Regional Weed Control Conferences is study- 
ing the problem of terminology and gave it considerable attention 
at the meeting of its officials in Washington, D. C. in early May. 
Presumably each of the four member conferences will have repre- 
sentation on a committee. Then, through this committee, there will 
be representation on the general committee mentioned earlier. 

Progress undoubtedly will be slow, but recognizing the problem 
and planning a general course of action usually is better than half 
the battle. 
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Inactivation of 2,4—D by Riboflavin in Light’ 
J. R. Hansen and K. P. BucHHottz? 


(Ceo AND BAKER (2) have established that riboflavin is a pho- 
toreceptor in the destruction of auxin by visible light by in vivo 
and in vitro experiments. Carrol (1) showed that riboflavin also re- 
duced the activity of 2,4~dichlorophenoxyacetic acid (2,4—-D). He 
believed that the reduction in activity occurred only in the presence 
of living plant material. The present studies using corn seedlings 
confirm the reduction in 2,4—-D toxicity by riboflavin when the seed- 
lings and substrate were illuminated. In addition, the inactivation 
of 2,4—D by riboflavin by light in vitro was also shown. 


METHODS 


Experiment I. Response of corn seedlings to 2,4—D with illumina- 
tion of seedlings and their substrate was studied in the first experi- 
ment. Four solutions containing | percent agar were made up to be 
used as substrate: (1) agar only, (2) agar with 1 ppm 2,4—D, (3) 0.001 
molar riboflavin in agar, and (4) 1 ppm 2,4—D with 0.001 molar ribo- 
flavin. From each of the four solutions 15 ml of the media were 
placed in each of twenty 8-inch test tubes. The tubes were plugged 
and autoclaved. After the agar had congealed, one surface-sterilized 
corn seed was placed on the agar in every tube. The tubes were 
divided into two series containing ten tubes from each of the four 
substrate mixtures. One set was illuminated with two 100 watt lamps 
against a white background, and the other was placed in a dark 
cabinet. Seedlings were allowed to grow for 7 days from the time 
that germination was initiated. Roots and shoots were weighed and 
measured for possible growth differences. 


*Contribution from the Department of Agronomy, Wisconsin Agricultural 
Experiment Station, Madison, Wisconsin. Published with approval of the Direc- 
tor of the Wisconsin Agricultural Experiment Station. Part of a thesis submitted 
by the senior author to the Graduate Faculty of the University of Wisconsin in 
= fulfillment of the requirements for the degree of doctor of philosophy. 

upported in part by the Research Committee of the Graduate School from funds 
— by the Wisconsin Alumni Research Foundation. 

ormerly Research Assistant in Agronomy, University of Wisconsin, now 

Assistant Agronomist, Kentucky Agricultural Experiment Station, Lexington, and 
Associate Professor of Agronomy, University of Wisconsin. 
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Experiment II. Possible in vitro inactivation of 2,4-D was next 
investigated. Flasks containing 50 ml of 0, 1, 5, and 10 ppm 2,4—D 
solutions in all combinations with 0.0, 0.0001, 0.001, and 0.002 molar 
riboflavin were illuminated with two 100 watt lamps against a white 
background for 96 hours. A duplicate series was stored in a dark 
cabinet for the same period of time. After the 96-hour period the 
solutions were made up to their original volumes, and the liquid 
was used for germinating corn seeds in a test for residual toxicity. 
For each treatment, 10 ml of the solution were placed in triplicate 
10 cm petri dishes, each containing 15 corn kernels. Seeds were ger- 
minated for 72 hours, after which time primary root lengths of the 
seedlings were measured as a relative index of 2,4—D toxicity. 

Experiment III. The possibility that 2,4—-D toxicity might be 
altered by a breakdown product of riboflavin or a breakdown prod- 
uct of riboflavin resulting from illumination with 2,4—D was also 
considered. Solutions containing 0.002 molar riboflavin with 0, 10, 
50, and 100 ppm 2,4—-D were illuminated for 96 hours. After illumina- 
tion, the riboflavin solutions at each of the original 2,4—D concentra- 
tions were divided into three aliquots. Additions of 2,4-D were 
made to two of these aliquots, making an additional concentration 
of 1 and 5 ppm 2,4-D. No 2,4—D was added to the third. All solutions 
were diluted so that riboflavin concentration was constant through- 
out all treatments. Corn germination was used to test toxicity of the 
final additions of 2,4—-D, comparing these to standard solutions of 
2,4-D in distilled water. 

In supplementary studies one of the breakdown products, a phe- 
nol, was tentatively identified by its reaction with bromine. 

: The sodium salt of 2,4A-D was used in all experiments reported 
ere. 


RESULTS 


Data presented in Table 1 indicate growth of seedlings in Experi- 
ment I. In non-illuminated cultures containing 2,4—D the addition 
of riboflavin caused a minor improvement in root growth but gave 
no evidence of improving top growth. In cultures without 2,4—D 


Table 1. Growth of corn seedlings after one week on agar media containing 
2,4-D and riboflavin. 


2,4-D concentration 


Riboflavin 0 ppm 1.0 ppm 
concentration 
Root length Top length Root length | Top length 
cm. cm. cm, cm. 
Not illuminated 
0 | 13.1 +1.4f 12.7 2.2 +0.3 | 8.9 
0.001 M 16.0 +1.4 13.3 3.0 + 0.3 7.4 
Illuminated 
0 12.2 +0.9 12.2 1.3 +0.1 | 7.1 
0.001 M 16.4 + 0.7 12.4 | 4.9 +0.3 10.6 


tStandard error of the mean. 
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root growth was increased noticeably by the riboflavin addition. In 
illuminated cultures containing 2,4—D both top and root growth of 
corn seedlings were increased markedly by the addition of riboflavin. 
As before root growth was increased by riboflavin when 2,4—D was 
omitted. 

The results of Experiment II, Table 2, show that toxicity of 2,4—D 
solutions was effectively reduced or eliminated during exposure to 
light. The presence of riboflavin did not alter toxicity of 2,4—D in 
solutions stored in darkness, and illuminated riboflavin solutions 
containing no 2,4—D did not increase growth. However, all illumi- 
nated riboflavin solutions that had contained 2,4—D allowed normal 
root growth. This demonstrates apparent photochemical inactiva- 
tion not involving plant tissues. The light and dark treatments were 
applied to solutions only, then a germination test for residual toxic- 
ity was carried out in darkness. 


Table 2. Root length of corn seedlings germinated in 2,4-D solutions that 
were illuminated or stored in darkness for 96 hours prior to germination 


test. 
Riboflavin 2,4-D Root length, cm. 
molar conc. ppm 
Solutions illuminated | Solutions stored in darkness 
0 0 4.12 4.99 
0 1 2.51 3.06 
0 5 1.77 1.79 
0 10 1.44 1.52 
0.0001 0 4.50 5.21 
0.0001 1 5.01 3.07 
0.0001 5 4.50 1.86 
0.0001 10 4.49 1.49 
0.0010 0 4.11 5.24 
0.0010 1 5.19 3.17 
0.0010 5 5.65 1.83 
0.0010 10 5.52 1.43 
0.0020 0 5.10 4.91 
0.0020 1 4.43 3.09 
0.0020 5 4.71 1.79 
0.0020 10 4.42 1.61 


The possibility that 2,4—-D toxicity was reduced by a breakdown 
ieee of riboflavin or a breakdown product of riboflavin resulting 
trom illumination with 2,4—-D was considered in Experiment III. 
Data in Table 3 illustrates that illuminated solutions of 0.002 molar 


Table 3. Root length of corn seedlings indicating toxicity of 2,4-D additions 
to previously illuminated solutions of riboflavin and 2,4-D. 


2,4-D addition in ppm 
Original solution 
0 | 1 5 
Root length in cm. 
0.002 M riboflavin 0 ppm 2,4-D 5.30 2.41 1.95 
0.002 M riboflavin 10 ppm 2,4-D 4.09 3.14 1.78 
0.002 M riboflavin 50 ppm 2,4-D 4.53 2.80 1.57 
0.002 M riboflavin 100 ppm 2,4-D 3.58 2.91 1.62 
Distilled water standard solutions 4.01 2.40 1.59 
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riboflavin that originally contained 0, 10, 50, or 100 ppm 2,4—D were 
not toxic to corn seedlings, but additional amounts of 2,4—D placed 
in these solutions caused root inhibition of corn seedlings similar to 
that of equal concentrations in standard solutions. 

The breakdown products of 2,4-D were not positively identified, 
but a strong phenolic odor escaping from solutions during illumina- 
tion in the presence of riboflavin suggested the presence of a phenol, 
probably 2,4-dichlorophenol. This supposition was further substan- 
tiated by the fact that a quantitative reaction could be obtained be- 
tween bromine, substituting at one position in the phenol ring, and 
a theoretical amount of the 2,4—-dichlorophenol calculated from the 
a 2,4-D. A known excess of bromine was added to solutions, 
and the unused portion was determined by iodometric titration. Data 
in Table 4 indicate the speed of the inactivation process where solu- 
tions of 0.002 molar riboflavin containing 0.5 mg of 2,4—-D per ml 
(500 ppm) were illuminated under two 40 watt white fluorescent 
lights. At intervals, an aliquot containing the equivalent of 5 mg of 
the original 2,4—-D material was removed and the amount of inacti- 
vated 2,4—D was determined by reaction with bromine. Blanks were 
run using illuminated riboflavin containing no 2,4—-D. 


Table 4. 2,4-D breakdown at various time intervals by the action of riboflavin 


and light. 
Residual active 
Time in hours 2.4-D in 10 ml. Method 
0 5.00 mg. Iodometric titration with Br 
24 3.96 
48 2.65 
144 1.54 “ 
168 1.42 
168+ 1.32 Corn germination test 


Under the conditions in which the data in Table 4 were obtained, 
the molarity of 2,4-D was approximately 0.0023 while that of ribo- 
flavin was 0.0020. Since complete breakdown was not indicated in 
this case by iodometric titration, the solutions were tested for appa- 
rent residual 2,4—D activity by a quantitative corn germination test. 
Complete breakdown, as indicated by iodometric titration and in 
experiments summarized in Tables 2 and 3, was obtained when the 
riboflavin was in a higher molar concentration than the 2,4—D. 

Titration of the 2,4-D breakdown product did not appear to be 
a wholly satisfactory means of chemically assaying the herbicide. It 
lacks sensitivity at the low concentrations used in most physiological 
studies, and plant extracts being assayed for 2,4-D content would 
contain other materials that would react with bromine. 


DIscussION 


The data presented indicate destruction of the 2,4A—-D molecule 
in the presence of light and riboflavin. Illumination of seedlings and 
their substrate containing 2,4-D and riboflavin increased plant 
growth in comparison to seedlings growing on the same substrate 
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in darkness. This is in agreement with the work of Carrol (1). Evi- 
dence presented from other experiments supports the contention 
that 2,4—D is inactivated by a combination of riboflavin and light 
without plant tissues. Illuminated solutions originally containing 
both 2,4—D and riboflavin failed to inhibit root growth of corn seed- 
lings when seeds were germinated in these solutions in darkness 
after the illumination period. At the same time, illuminated ribo- 
flavin solutions did not stimulate root growth where no 2,4—D had 
been present, and solutions of the herbicide and riboflavin stored 
in darkness caused inhibition of growth proportional to 2,4—D con- 
centration. This did not account for the possibility that 2,4—D activity 
may have been blocked by a product resulting from illumination of 
riboflavin alone or with 2,4—D. While this contingency was consid- 
ered, data presented show that illuminated riboflavin solutions, 
whether they contained 2,4—-D before illumination or not, did not 
reduce toxicity of 2,4—D added after illumination. 


The 2,4—D molecule apparently has properties of light sensitivity. 
Payne and Fults (3) increased the activity of several 2,4—D formula- 
tions by exposing them to ultraviolet light. In the work presented 
here, 2,4—D was inactivated in a process involving visible light. This 
inactivation amounts to a breakdown or splitting of the active mole- 
cule. The role of riboflavin in the breakdown reaction appears to be 
more than that of a catalyst or activator since it was necessary for 
the number of riboflavin molecules to equal or exceed those of 2,4—D 
for complete inactivation. The presence of a phenol was detected 
after breakdown, and this phenol was tentatively identified as 2,4— 
dichlorophenol. The side chain of the 2,4-D molecule possibly 
formed acetate or glycolate. 

A similarity in chemical behavior between auxin and 2,4—D is 
suggested. Inactivation of auxin with riboflavin and light was dem- 
onstrated by Galston and Baker (2), and Skoog (5) obtained inactiva- 
tion of auxin with eosin and white light. Riboflavin in plant tissue 
may also be important in neutralizing the herbicide, particularly in 
sunlight. Penfound and Minyard (4) noted more necrosis and greater 
epinasty in 2,4—-D treated water hyacinth and kidney bean plants 
if shaded as compared to plants in full sunlight. The reaction of 
2,4-D and riboflavin in the plant may have further physiological 
significance. 


SUMMARY AND CONCLUSIONS 


1. Illumination of seedlings and their substrate containing 2,4—D 
and riboflavin reduced toxicity of the herbicide. 

2. In vitro inactivation of 2,4—-D was demonstrated by two experi- 
ments. Solutions containing 2,4—D and riboflavin were rendered non- 
toxic to corn seedlings by illumination with visible light. While 
2,4—D in contact with riboflavin was completely inactivated by visi- 
ble light, additions of the herbicide made after illumination exhib- 
ited characteristic toxicity. 

3. Inactivation of 2,4—-D resulted from a breakdown of the herbi- 
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cide molecule. One of the end products of the reaction was tenta- 
tively identified as 2,4~-dichlorophenol. 
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Seeds of Weedy Euphorbia Species and Their 
Identification’ 


ARNOLD KROCHMAL? 
Department of Botany, Cornell University 


pee WEEDY annual and perennial members of Euphorbia are wide- 
spread in the United States, occurring in every state. In at least 
nineteen states* FE. esula is considered serious enough to be declared 
noxious by law (PMA, 1946). In other states, to date, the members of 
this group occupy the position of a minor nuisance, to be controlled 
in the general clean-up of other weeds. E. corollata is noxious in 
Idaho and Wyoming; E. lucida in Idaho and South Dakota. 

Several papers dealing with Euphorbia spp. have appeared, no- 
tably those by Haber (1925), Hanson and Rudd (1933), Barnett and 
Hanson (1934), Bakke (1936 and 1937), Fix (1946), and Muenscher 
(1948). In addition these plants have received attention in weed bul- 
letins published by various experiment stations, in recent literature 
dealing with chemical weed control, and in books dealing with weeds 
and poisonous plants (Pammel, 1911; Muenscher, 1935, 1939). 

The key to the seeds, the illustrations, and the descriptions pre- 
sented in this paper, may be of help in identifying seeds of Euphorbia 
in crop seeds, or they may be of use in determining the origin of crop 
seeds. Furthermore, taxonomists, weed control specialists, county 
agents, and others may find the descriptive material of aid in deter- 
mining the species of Euphorbia. 


ECONOMIC IMPORTANCE 

Crop Yields 

It may be assumed that Euphorbias will have the same depressing 
effects upon crop yields as do other weeds. Work by Thompson 
(1927), Merkle and Irwin (1931), and Werner (1933) clearly show the 
effects of weeds on cultivated crops. Although weedy plots in the 
above experiments did not necessarily have the lowest average mois- 
ture for a given season, they did reach a lower minimum than weed- 
free plots, indicating that weeds may lower the soil water content 
at a critical time in the growth and development of the crop plant. 
Undoubtedly they provide competition for soil nutrients, particu- 
larly nitrates. 


Fungal Hosts 
Weed plants very often act as intermediate or alternate hosts for 
fungus diseases of cultivated crops. Seymour (1933) lists a large num- 


*A portion of a thesis submitted as partial fulfillment for the requirements for 
M.S. degree, Dept. of Botany, Cornell University. 

*The author wishes to acknowledge the guidance of Prof. W. C. Muenscher 
under whom the work was completed. 

*Arizona, California, Colorado, Idaho, Illinois, lowa, Kansas, Minnesota, Mon- 
tana, Nebraska, Nevada, New Mexico, North Dakota, Oregon, South Dakota, Utah, 
Washington, Wisconsin and Wyoming. 
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ber of such instances in Euphorbia, in which, among others, E. mar- 
“pe is affected by twenty-five different molds, rusts, mildews and 
eaf spots, E. corollata by twelve, and E. maculata by twenty. 


Uses 

A few of the species discussed in this paper are often grown as 
ornamentals. These include Snow-on-the-mountain (E. marginata), 
Flowering Spurge (E. corollata), Mexican Fire-Plant (E. hetero- 
pays), Cypress Spurge (E. cyparissias), and the Caper Spurge (E. 
athyris). 

Medicinal properties ascribed to certain species by Stuhr (1933) 
are not borne out by the “Pharmacopoeia of the United States” 
(1947), which lists no medicinal properties for any Euphorbia. How- 
ever, the Cherokee Indians of North Carolina and Georgia (Taylor, 
1940) persist in the use of an infusion made of the roots of E. corol- 
lata and E. maculata in the treatment of dysentary, hemorrhages, 
diarrhea and leucorrhea. 


Poisonous Properties 

By far the most significant characteristic of the plants under dis- 

cussion is their toxicity when eaten in overdose, or the dermatitis 

roduced when the sap comes in contact with the skin. These effects 
are allegedly due to the alkaloid Euphorbon, C,,H,,O, isolated from 
E. ipecacuanhae (Pammel, 1911). 

Cary, Miller and Johnstone (1924) report that when eaten by stock 
the plants cause irritation of the mucous membranes of the mouth, 
stomach, intestines and nose, but rarely result in death. 

Blistering of the skin and loss of hair from the ankles of horses 
working in fields infested with E. esula in eastern New York is noted 
by Muenscher (1939) who notes also that animals will eat the dried 
plants in hay, but usually avoid eating growing plants. 

Chestnut and Wilcox (1901) and Gates (1930) claim that honey 
produced from plants of Euphorbia transmits its toxic properties 
to the consumer. The former also state that goats feeding on Eu- 
phorbia will produce poisonous milk. 


THE SPECIES AND THEIR SEED CHARACTERISTICS* 


The taxonomic classification of Wheeler (1941) is used in this 
paper and the geographic distribution is adapted from Muenscher 
(1935), Britton and Brown (1931) and Fernald (1950). 


E. ammanioides HBK. 

Annual; native. Fla. to Texas, including Miss. and La., N. C. and 
northeastern Va. 

Seeds: micro-reticulate, delicately ec mottled white; ovoid; 
1.6 mm. x 1.2 mm.; line extends half-way around long axis, with 
hilum part way up this line, rather than at base of seed. Fig. 1. 


‘All illustrations were made by Mrs. M. R. Sheehan, Bailey Hortorium, Ithaca, 
N. Y. 
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Fig. 1 — E. ammanioides x24 Fig. 2—E. buxifolia x18 = 
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E. buxifolia Lam. 

Annual; native. Southern Fla. (in counties of Monroe, Sarasota, 
Pinellas, Brevard, Lee, Volusia and Palm Beach). 

Seeds: transversely ridged, delicately pitted; silvery gray or white 
coat with brownish inner coat; globose-ovoid; 1.4 mm. x 1.1 mm.; 
ridge extending half-way around long axis, line other half. Fig. 2. 


E. commutata Engelm. 

Annual; native. Pa. to Minn. and Okla., south to Fla. and Texas, 
Tenn. and Mo. 

Seeds: irregular, deep pits, arranged in longitudinal rows of four 
to seven pits to a row; gray to black; ovoid, terete; 2.4 mm. x 1.3 mm.; 
line extending half-way around long axis; conspicuous white carun- 
cle. Fig. 3. 


E. corollata L. 

Perennial; native. Canada to Mass., N. Y. to Fla., west to Texas, 
Wisc., Minn., Neb. and infrequent in New England. (Up to 4200 
feet in N. C.) 

Seeds: delicately pitted in longitudinal rows; white to gray; ovoil; 
2.5 mm. x 2.0 mm.; line extending half-way around long axis, with 
depression at one end and nipple-like structure at other end. Fig. 4. 


E. cyparissias L. 

Perennial; introduced and naturalized from Europe. Mass. to Va. 
and Colo., infrequent in Pacific Northwest. 

Seeds: smooth surface under low magnification, very delicately 
pitted under high magnification; light gray, some purplish; almost 
oblong; 2.6 mm. x 1.5 mm. line extending half-way around long axis; 
flattened at one end, conspicuous yellow caruncle at other end. Fig. 5. 


E. dentata Michx. 

Annual; native. N. Y. to Minn., S. D., Wyo. and Colo., south to 
Va., La. and Texas. 

Seeds: conspicuous, scattered warty tubercles; dark gray to black; 
ovoid-globose, somewhat cordate in top view; 2.4 mm. x 2.1 mm.; 
dark line extending half-way around te axis, slight ridge other 
half; flattened, cream-colored caruncle part way up the line. Fig. 6. 


E. dictyosperma Fisch. & Mey. 

Annual or biennial; native. Minn. to Wash., New England south 
to Ala., La. and Texas. 

Seeds: delicately, distinctly reticulated; reddish-brown; ellipsoid, 
lenticular; 1.5 mm. x 1.0 mm.; slight ridge extending eal long 
axis; flattened, orange-colored caruncle. Fig. 7. 


E. esula L. 

Perennial; introduced from Europe. New England, N. Y., Maine, 
Pa., Indiana, Mich., Ill., Iowa, Neb. and Calif. 

Seeds: finely pitted; silvery gray, sometimes yellow; ovoid, one end 
slightly acute; 2.6 mm. x 1.5 mm.; groove extending half-way around 
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long axis; yellow-colored, pointed caruncle at one end, slight circular 
depression with nipple at other end. Fig. 8. 


E. glyptosperma Engelm. 

Annual; native. Northern Maine southwest to N. Y., Vt., Ohio, 
Ind., Iowa, Ill., Mo. and Texas. Northwest from N. M. to northern 
Calif. and Oregon. 

Seeds: Four to six conspicuous transverse ridges extending com- 

letely across each face, uniformly pitted; outer coat gray-white, 
inner coat red-brown; ovate, usually quadrangular in cross-section; 
0.9 mm. x 0.6 mm.; dark line half-way around long axis. Fig. 9. 


E. helioscopia L. 

Annual; introduced from Eurasia. Md., N. Y., Ohio, Ill. and 
Oregon. 

Seeds with conspicuous, honey-comb reticulations; reddish-brown; 
ovoid-elliptical; 2.3 mm. x 1.7 mm.; ridge half-way around long axis; 
hilum end slightly flattened. Fig. 10. 


E. heterophylla L. 

Annual; native. Fla. west to Texas, IIl., to S. D., Ind., Wisc., Minn., 
Kans. and Va. 

Seeds: tuberculate-roughened, with black, patch-like eroded areas; 
dark brown to black; sub-globose; 2.8 mm. x 2.0 mm.; line half-way 
around long axis, with nipple at end. Fig. 11. 


E. hirta L. 
Annual; native S. C., Fla., Ala., Ariz., few in N. Y. and Mich. 
Seeds: transversely ridged, minutely pitted; outer coat white, inner 
coat reddish; almost oblong, tapered slightly at one end, quadrangu- 
lar in cross-section; 0.9 mm. x 0.5 mm.; line half-way around long 
axis. Fig. 12. 


E. humistrata Engelm. 
Annual; native. N. Y., N. J., southwest Ohio to IIl., Mo. and east- 
ern Kansas, south to Ala., La., Va., and west to northeast Texas. 
Seeds: transversely wrinkled, delicately pitted; brown with sil- 
very overcast; oblong, quadrangular in cross-section; line half-way 
around long axis; flattened at both ends. Fig. 13. 


E. hyssopifolia L. 

Annual; native. S. C., Fla., La., west Texas, southern N. M. and 
Arizona. 

Seeds: transversely ridged; gray with silvery flecks; ovoid, quad- 
rangular in cross section; 1.1 mm. x 0.8 mm.; dark line half-way 
around long axis. Fig. 14. 


E. ipecacuanhae L. 

Perennial; native. Conn. to Fla., west to Ind., along Atlantic 
coastal plain and outer Piedmont. 

Seeds: irregularly shaped depressions, delicately pitted; outer coat 
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Fig. 13 — E. humistrata x36 
Fig. 15 — E. ipecacuanhae x12 
Fig. 17 — E. lucida x12 


18 


Piate 3 
Fig. 14—E. hyssopifolia x24 
Fig. 16 — E. lathyris x8 
Fig. 18 — E. maculata x24 
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gray to silver, or yellowish, inner coat layer yellow to brown; oblong- 
ovoid; 2.8 mm. x 2.0 mm.; groove half-way around long axis, ridge 
other half; pointed caruncle. Fig. 15. 


E. lathyris L. 

Annual; introduced from Europe. Conn. south to N. C., west to 
Ohio, and infrequent in Calif. 

Seeds: conspicuous longitudinal wrinkling; light tan, brown or 
dark brown; oblong-ovoid; 5.0 mm. x 3.8 mm.; dark line half-way 
around long axis; flattened at both ends; helmet-like caruncle. Fig. 
16. 


E. lucida Waldst. & Kit. 

Perennial; introduced from Europe. Central N. Y., Pa., southern 
Canada to Iowa. 

Seeds: appear smooth to naked eye, finely wrinkled under binocu- 
lar microscope; gray; ovoid, nearly terete; 2.4 mm. x 1.7 mm.; brown 
line half-way around long axis; flattened caruncle. Fig. 17. 


E. maculata L. 

Annual; native. New England and N. Y. south to Texas and Fila., 
Mich., Wisc., Minn., N. D., Wyo. and Calif. 

Seeds: transversely wrinkled, delicately pitted; dull brown to 
black; obovoid; triangular to quadrangular in cross-section; 1.3 mm. 
x 1.0 mm.; dark line half-way around long axis, slight ridge other 
half; hilum end indented, flattened. Fig. 18. 


E. marginata Pursh. 

Annual; native. Minn. to Colo., Mont. south to Texas, east to 
Atlantic coast. 

Seeds: uniformly tuberculate, delicately pitted; light gray to light 
brown; ovoid, terete; 3.8 mm. x 2.9 mm.; line half-way around long 
axis. Fig. 19. 


E. obtusata Pursh. 

Annual; native. Pa. west to Ohio, Ind., Ill., lowa, Neb., Kans. and 
Texas, south to S. C. 

Seeds: uniform reticulations, delicately pitted; dark brown to 
black; orbicular, lenticular; 1.6 mm. x 1.0 mm.; ridge half-way 
around long axis, line other half; caruncle flat, orange-colored. 
Fig. 20. 


E. peplus L. 

Annual; introduced from Europe. New England, western N. Y., 
N. J., Pa., Md., western Va., Wisc. and Iowa. 

Seeds: conspicuous oval depressions, arranged in longitudinal 
rows of three to six, delicately pitted; light gray, yellow or brown; 
oblong, nearly terete, quadrangular to six-angled in cross-section; 
1.4-1.7 mm. x 0.9 mm.; line half-way around long axis, ridge the 
other half; caruncle conical, with small nipple set in a depression 
at opposite end. Fig. 21. 
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Fig. 19 — E. marginata x8 
Fig. 21— E. peplus x24 
Fig. 23 — E. polygonifolia x12 


PLATE 4 
Fig. 20 — E. obtusata x20 
Fig. 22 — E. platyphylla x12 
Fig. 24—E. purpurea x8 
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E. platyphylla L. 
Annual; introduced from Europe. Canada to Vt., N. Y., Ohio, 
Mich., Ill., Mo. and shores of the Great Lakes. 
Seeds: appear smooth to the naked eye, very delicately pitted under ; 
binocular microscope; dark brown, shiny; lenticular, orbicular; 2.2 
mm. x 1.7 mm. x 1.2 mm.; line half-way around long axis, ridge the 
other half; extremely small, pointed caruncle, set in slight depression. 
Fig. 22. 


E. polygonifolia L. 
Annual; native. Canada, south to Georgia and along coastal sands 
to Fla., beaches of Lake Ontario, Erie, Mich., and southern Huron. 
Seeds: very delicately pitted; ash-colored; almost lenticular, trun- 
cate, slightly cordate; 2.0 mm. x 2.0 mm. x 1.5 mm.; light line on one 
side. Fig. 23. 


E. purpurea Raf. 

Perennial; native. N. J. to Ohio, south to Delaware, Md. and west- 
ern N. C. 

Seeds: delicately pitted; shiny brown; ovoid to sub-globose; 4.0 
mm. x 3.0 mm. x 2.6 mm.; line half-way around long axis, slight ridge 
the other half; caruncle flattened, orange-colored; corona-like struc- 
ture at other end. Fig. 24. 


E. serpens HBK. 

Annual; native. Canada to Ala., La., Texas and N. M., Ill. to Iowa, 
S. D., Kans., Mont., New England, N. J., Ga. and Florida. 

Seeds: small transverse wrinkles, minutely reticulated, delicately 
pitted; outer coat white, layer below brown; ovoid; 1.0 mm. x 0.6 
mm.; line half-way round long axis. Fig. 25. 


E. supina Raf. 

Annual; native. Eastern Nova Scotia west to N. D., Wyo., and 
Texas, Ariz., Oregon, Calif. and South to Fla. 

Seeds: very faintly transversely wrinkled, delicately pitted; gray, 
brown or red with silvery patches; oblong, quadrangular in cross- 
section; 0.9 mm. x 0.7 mm.; groove half-way around long axis. Fig. 26. 


E. vermiculata Raf. 

Annual; native. Southern New England, N. Y., Pa., Ohio, N. J., 
Ind., southern Wisc., Northern Mich., N. M. and Ariz. 

Seeds: shallow transverse wrinkles, not extending completely 
across facets, delicately pitted; dark gray to black, or dark brown, 
with silvery flecks; ovate, angular in cross-section; 1.0 mm. x 0.6 mm.; 
line half-way around long axis. Fig. 27. 
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Fig. 25 — E. serpens x30 " 
Fig. 26 — E. supina x30 
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Key To Euphorbia spp. BASED ON SEED CHARACTERS 
1. Seeds tuberculate; 


2. Caruncle present; seeds gray, warty in appearance E. dentata 
2. Caruncle absent; 
3. Seeds light colored; tubercles small, uniform. E. marginata 
3. Seeds dark colored; tubercles warty, irregular. E. heterophylla 


1. Seeds not tuberculate; 
4. Seeds reticulated; 
5. Caruncle present, prominent; 
6. Ridge extending completely around long axis. E. dictyosperma 
6. Ridge extending half-way around long axis, line other half. E. obtusata 
5. Caruncle lacking or inconspicuous; 


7. Reticulations conspicuously honey-combed. E. helioscopia 
7. Reticulations minute; 
8. Hilum at base of seed. E. serpens 


8. Hilum not at base of seed, but part way up the side. FE. ammionoides 
4. Seeds not reticulated; 
9. Surface with ridges or wrinkles, 


10. Ridges longitudinal; caruncle helmet-like. E. lathyris 
10. Ridges transverse; 
11. Caruncle present. E. lucida 


11. Caruncle lacking; 
12. Color of seeds dark; 

13. Hilum end flattened; 
14. Coat brown with silvery overcast; seed oblong. EF. humistrata 
14. Coat dull brown, black; seed obovoid, hilum 

slightly indented. E. maculata 

13. Hilum end not flattened; 

15. Coat dark gray, brown with silver patches; seed 


oblong. E. vermiculata 
15. Coat brown, red, with silvery flecks; seed ovate E. supina 
12. Color of seeds light, 
16. Outer and inner coats dull gray. E. hyssopifolia 
16. Outer coats light gray, inner coat red, brown; 
17. Seeds not angular in cross-section, globose. E. buxifolia 


17. Seeds angular in cross-section; 
18. Four to six conspicuous ridges across each 
face. E. glytosperma 
18. Ridges not conspicuous, appearing as wrinkles. E. hirta 
9. Surface lacking ridges and wrinkles; 
19. Circular depressions conspicuous; 
20. Caruncle pointed, opposite end has small cone. E. peplus 
20. Caruncle flat. E. commutata 
19. Circular depressions lacking; 
21. Depressions irregularly shaped; caruncle pointed. —E.. ipecacuanhae 
21. Depressions lacking; 
22. Caruncle present, 
23. Caruncle distinctly pointed; 
24. Seeds lenticular, orbicular; caruncle small, 


inconspicuous. E. platyphylla 

24. Seeds obovoid, one end acute E. esula 
23. Caruncle not pointed, 

25. Caruncle flattened; seed large (4 mm.) E. purpurea 

25. Caruncle not flat, but conspicuous. E. cyparissias 


22. Caruncle lacking; 
26. Seeds flattened, one end truncate, other end 
acute. E. polygonifolia 
26. Seeds not flattened, angular in cross-section. E. corollata 
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The Effect of Aliphatic Hydrocarbons on the Hypocotyls 
of Cotton and Soybeans and on the Shoots of Nut grass, 
Johnson grass and other Weeds by the Directional 
Spray Technique’ 


O. A. LEONARD? and V. C. Harris*® 


Fyre DEGREE of control of annual weeds in cotton by the pre- 
emergence application of dinitro-secondary-butyl-phenol or its 
salts has led to appreciable commercial interest (1). Leonard, et al. 
(9) showed that the above chemical was pony for controlling 
annual weeds in cotton, when applied to the soil as a pre-emergence 
herbicide, and there have been many reports on the method since 
that time. It was recognized that this treatment did not control per- 
ennial weeds such as nutgrass and Johnson grass, and that some addi- 
tional treatment would be required to control these weeds. In Janu- 
ary 1948, one of the authors had the opportunity to see sugarcane 
weeds in Puerto Rico controlled by the post-emergence application 
of fortified oil emulsions, and the procedure was included for study 
in the 1948 cotton tests. The primary interest of the authors was to 
find a spray that would control the perennial weeds and which, at 
the same time, would not be injurious to cotton. It was felt that the 
annual weeds could be nna rather well by the pre-emergence 
treatment. The effect of fortified oils and oil emulsions and unforti- 
fied oils on cotton hypocotyls and on grass shoots showed that the 
fortifying chemicals (dinitro-secondary-butyl-phenol and pentachlor- 
ophenol) were quite injurious to cotton hypocotyls, but that some 
unfortified oils showed considerable promise for selectively weeding 
cotton. 

Because of the urgency for a solution of the cotton weed problem, 
the Delta Branch Experiment Station, Stoneville, Mississippi began 
studying the weeding of cotton by post-emergence sprays. Talley (12), 
(13) spearheaded this research in 1948 and 1949. The procedure and 
equipment for the application of the oils was developed and the 
general types of oils for weeding cotton determined. Research on 
this method at State College, Miss. was confined more to studying the 
effects of pure hydrocarbons on cotton, soybeans, corn, nutgrass, 
Johnsongrass and weeds. It was believed that by learning the effect 
of specific hydrocarbons upon crops and weeds, the properties of an 
oil might be modified or improved. Part of this study has already 


*Published with the approval of the Director, Mississippi Agricultural Experi- 
ment Station. Journal article 273. 

*Formerly Plant Physiologist, Mississippi Agricultural Experiment Station, and 
Agent, U. S. Department of Agriculture, Division of Cereal Crops and Diseases. 
Now at Dept. of Botany, University of California, Davis. 

*Agronomist, U. S. Department of Agriculture, Division of Weed Investigation. 

The authors are grateful especially to the Standard Oil Development Co., 
Elizabeth, N. J. and the Phillips Petroleum Co., Bartlesville, Oklahoma for sup- 
plying the pure hydrocarbons used in these tests. 
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been briefly presented in the Third Proceedings of the Southern 
Weed Conference by the authors (11). 

It is well known that the aromatics are important constituents in 
a weed oil; however, the importance of the aliphatic hydrocarbons 
is not as well appreciated. The present paper deals with the results 
from studies on the effect of aliphatic hydrocarbons on the plants 
that were studied and an attempt will be made to bring out the rela- 
tionships between chemical structure and molecular weight and to 
see how these characteristics influenced toxicity. A detailed report 
on the effect of aromatics as herbicides will be reserved for a later 
publication. 


PROCEDURE 


The general procedure for the various experiments to be reported 
was to grow the cotton, soybeans, nut grass, and Johnson grass sepa- 
rately in half-gallon crocks or in gallon cans that had four holes 
punched in the sides near the base for drainage. First rock and then 
sand was placed in the bottoms of the cans and then they were 
filled with soil. The various crops and weeds were planted and when 
the spraying was to be done later, the containers were placed along- 
side of a conveyor belt when it was in use. The speed of the belt was 
2.9 miles per hour, air pressure 22 pounds, and the nozzle a 65°, .067 
g-.p-m. flat-fan type.* The rate of application of the hydrocarbons 
was 2.95 gal. per hour or about equivalent to five gallons per acre, 
considering that the rows to be sprayed were 40 inches apart and that 
both sides of each row was sprayed. The tip was mounted so as to 
give a horizontal fan spray parallel with and one-fourth inch above 
the surface of the soil. By so doing, it was possible to spray grasses 
and small weeds without spraying the cotyledons of the cotton and 
soybeans; actually, the spray was confined largely to a rather narrow 
band about one-fourth inch wide on the hypocotyls. The less-volatile 
hydrocarbons crept down the plant parts that were treated, so that 
a much broader band was finally wet by the spray. The method of 
application simulated field practice. The species studied were nut 
grass (Cyperus rotundus) and Johnson grass (Sorghum halepense). 


RESULTS 


Experiment 1. Preliminary. 

The first experiments were conducted in the field in 1948 using 
oils having various physical and chemical properties. At that time 
the authors considered that most of the toxicity in an oil was in 
the aromatic fraction. Commercial and experimental oils from sev- 
eral sources were received. Some samples were obtained from the 
Shell Oil Co. that had the following characteristics: (1) ACX 201 
— this was a naphtha that had a boiling range of 310—390° F. and an 
aromatic percentage of 15 per cent. (2) ACX 121 — which was the 
same as ACX 201, except the aromatics had been removed by solvent 
extraction to about 3 per cent. (3) ACX 44 — the aromatics in ACX 


*Trade-name Teejet 650067. 
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Table 1. The toxicity of a naphtha and its aliphatic and aromatic parts on 
the hypocotyls of cotton and the shoots of nut grass and crab grass. Treated 
twice and the injury recorded 3 weeks after the initial treatment. 


Injury 
Naphtha and fractions —_— 
Cotton Nut grass Cr-b grass 
ACX 121 (naphtha minus aromatics)................ none moderate severe 
moderate dead dead 


ACX 44 (naphtha minus aliphatics)................ 


201, that had been removed by solvent extraction and was equal to 
about 75 per cent aromatics. 

In the first experiment, ACX 201 and ACX 121 were compared on 
the hypocotyls of cotton, soybeans and on the shoots of nut grass 
and crab grass. Two applications were made, the first when the crop 
plants were 12 days old and the next when they were 19 days old. 
ACX 201 produced slight injury on cotton, moderate injury to soy- 
beans, moderate injury to nut grass and killed annual grasses. ACX 
121 produced no injury on cotton, moderate injury on soybeans, 
killed nut grass to the ground, and killed annual grasses. It was clear, 
therefore, that the aliphatic part of this naphtha possessed a con- 
siderable amount of inherent toxicity, which, in this experiment 
appeared to be equal to the naphtha itself. 

A second experiment indicates better than the first experiment, 
the natural differences in the inherent toxicity of the aromatic and 
aliphatic constituents of the naphtha. Cotton and nut grass were 
grown together in crocks. Two spray applications were made, the 
first when the cotton was 18 days old and the second when the cotton 
was 25 days old. 

The results from table 1 clearly demonstrate that the aromatic 
fraction was more toxic than the aliphatic fraction. The toxicity of 
the aliphatic fraction to grass shoots was obvious and indicated a 
need for a more detailed study of the toxicity of specific hydrocar- 
bons. These studies were conducted and are reported in some of 
the following experiments. 


Experiment 2. Response of cotton, nut grass, and crab grass to cer- 
tain aliphatic hydrocarbons. 

The purpose of this experiment was to explore the herbicidal 
properties of several types of aliphatic hydrocarbons. A single row 
of cotton seed was planted across the center of each of several half- 
gallon crocks in the greenhouse, and the crocks placed outside two 
weeks later. The purpose of moving the plants out of the greenhouse 
was to enable the plants to develop a cuticle somewhat similar to 
field cotton. When treated 18 days after emergence, the cotton plants 
averaged seven inches in height and had long red hypocotyls. Several 
nut grass tubers were planted in each crock with the cotton. Grasses 
(mainly crab grass) that developed in the crocks were from seeds that 
were naturally present in the soil. The sprayings were repeated 25 
days after emergence so that all plants were treated twice. 
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The results from this experiment are presented in table 2 and 
some of the significant points are summarized below. 


Cotton. 


Straight chain paraffins. 
No toxicity was evident in this experiment. 


Branched chain paraffins. 
No toxicity was evident in this experiment. 


Cyclo-paraffins. 
The cyclo-paraffins tested showed no toxicity to cotton hypo- 
cotyls. 


Straight chain olefins. 
Toxicity to cotton hypocotyls increased as the number of carbon 
atoms in the molecules increased from six to ten and then de- 
creased. With octene, decene—1, and dodocene—1 some discolora- 
tion of the hypocotyls was rapidly produced within one day 
after spraying. 


Branched chain olefins. 
The branched chain olefins were less toxic to cotton hypocotyls 
than were the corresponding straight chains. For example, 
2,4,4-trimethylpentene was less toxic than octene. Propylene 
tetramer and triisobutylene (C,.H»24) were less toxic than dodec- 
ene. 


Cyclo-olefins. 
Injury with 4—methylcyclohexene-1 was about the same as with 
heptene. 


Nutgrass and Crabgrass. 
Straight chain paraffins. 
Hexane resulted in a rapid and localized burn to the shoots. In- 
jury reached a maximum with decane and dodecane and then : 
decreased. 


Branched chain paraffins. 


The branch chain 2,2,4-trimethylpentane (C,H;,) was less in- 
jurious than n-octane. 


Cyclo-paraffins. 
The cyclo-paraffins studied produced injury which was similar 
to that produced with the straight chain paraffins. 


Straight chain olefins. 7 
The straight chain olefins resulted in more rapid burning of the : 
shoots than did the paraffins but the final effect was not greatly 
different. 


| : 
! 
= 
| | 
~ 
» 


260 WEEDs 


Branched chain olefins. 
The branch chain olefins were generally less injurious than the 
straight chain olefins. 


Cyclo olefins. 

Injury produced by the cyclo-olefins and cyclo-paraffins was 
similar. Larger molecules should be studied. 

Droplets of dodecane (applied by a pipette) on cotton blades killed 
the tissue beneath the droplets in about four days, while similar 
droplets of hydrotriisobutylene had produced scarcely any visible 
effect — indicating again the difference in toxicity between straight 
and branch chain hydrocarbons. This, also, indicates that there is 
a difference between blade and hypocotyl sensitivity. 


Table 2. The effect of some aliphatic hydrocarbons on the hypocotyls of 
cotton and the shoots of nut grass and crab grass. Treated when 18 and 
25 days old. Injury recorded two weeks after the 2nd application. 


Injury 
Hydrocarbon 


Cotton | Nut grass | Cc rab ¢ grass 


Propylene 


Crore 


PPP UP 


| C (chronic) 
D (chronic) 


A—no injury B—slight injury C—moderate injury D—-severe injury E—dead 


Experiment 3. Effects of four successive applications. 

Two Johnson grass rhizomes were planted about two inches deep 
in soil in one-gallon cans. In another set of one-gallon cans, 10 nut 
grass tubers were planted per can. Seven days after planting the 
rhizomes and tubers, Stoneville 2B cotton seed was planted in the 
cans containing the Johnson grass and Ogden soybeans were planted 
in the cans containing the nut grass. Two weeks later, the first 
application of hydrocarbons was made and were again applied at 
weekly intervals until four applications had been made. The plants 
were grown in the greenhouse. 

A description of the plants at the time of the first treatment is 
given below. 

Cotton — There were about six seedlings per can, each was 4 

inches tall, and the plants were succulent. 
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Soybeans — These were two to three inches tall. 

Nut grass — There were about seven shoots per can. 

Johnson grass— There were about three shoots per can, 6-10 

inches tall. 

Crab grass and other weeds were present. 

The effect of the hydrocarbons on the crops and weeds two days 
after spraying is indicated in table 3. The results indicate that there 
was a regular increase in toxicity as the number of carbon atoms 
in the molecules increased. Thus the effect of octane was between 
heptane and decane, and octene between heptene and decene. 

Some Johnson grass was “cut” by all of the hydrocarbons contain- 
ing from seven to 12 carbon atoms in the molecules. As the number 
of carbon atoms increased from seven to 10, injury to Johnson grass 


Table 3. The general effect of several hydrocarbons on crops and weeds 10 
days after the first and three days after the second spraying. 


| Injury to different plants 


Hydrocarbon 

Cotton Soybeans Nut grass | Johnson grass Weeds 
a er None Slight Leaves cutt None None 
ee ae None Slight Leaves cut None None 
icrewacndaet Slight Slight Leaves cut % cut Slight 
Dead Dead Leaves cut cut Dead 
SO rere Slight Medium | Burned ost cut Medium 
Octene (caprylene)...... Severe Severe Burned Most cut Dead 
Medium Dead Burned All cut Dead 
Severe Dead Burned All cut Dead 
None None Shoot dead cut None 
i... 2 See Slight Slight Shoot dead All cut Dead 
m-Tetradecame.......... None None None None None 
Tetradecene-1..........-. None None Slight None None 


tThe tissues of the shoots at the point of contact with the hydrocarbons and part of the shoots 
above this point were killed. 
Shoot burned to ground. 


Table 4. The effect of four applications of saturated and unsaturated straight 
chain paraffin and olefin hydrocarbons upon weeds and crops. Data re- 
corded seven weeks after the first treatment. 


Injury to different plants 


Cotton | Soybeans Nut grass |Johnson grass) Weeds 
| None Slight Leaves cut Slight Slight 
None Slight Leaves cut Slight Slight 
None Medium Leaves cut Few cut Slight 
0 eee Dead Dead Leaves cut Most cut Dead 
None Medium Most cut Dead 
Octene (Caprylene)...... Severe Dead Dead Most cut Dead 
Severe Dead Dead All cut Dead 
Dead Dead Dead All cut Dead 
mee Medium Severe Dead All cut Dead 
Dead Dead Dead All cut Dead 
n-Tetradecane........ E Slight Slight Center dead Stunted No effect 
Tetradecene-1.......... | Slight | Slight Center dead Stunted Slight 


tRefers to the shoots that were treated and not the ones that developed later. 


increased, but longer molecules resulted in a decrease in injury. 
There appeared to be some chronic injury with the 14 carbon hydro- 
carbons (evident by reduced size and distortion of the shoots). 
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Weeds were controlled well with octane and completely with dec- 
ane. Dodecane had no influence on the weeds at this time. The ole- 
fins had a more pronounced effect on weeds than did the paraffins. 

Data seven weeks after the first treatment (four weeks after the 
last application) are shown in table 4. The pattern brought about 
by the hydrocarbons on the plants was not greatly different from that 
already presented. The main difference which developed seemed to 
be with the 12 and 14 carbon hydrocarbons. Dodecane finally “cut” 
the Johnson grass and tetradecene finally caused the shoots of John- 
son grass to die. Cotton and soybeans were killed with dodecene and 
soybeans were severely injured with dodecane. Tetradecane pro- 
duced slight injury to both cotton and soybeans. Spraying with tetra- 
decane and tetradecene resulted in the killing of the centers of the 
nut grass shoots. 

The above data clearly demonstrate an appreciable difference in 
the tolerance of cotton and soybean hypocotyls and this has been 
repeatedly demonstrated under both greenhouse and field condi- 
tions. The data further indicate that n—octane is the only aliphatic 
hydrocarbon which did a rather good job in killing weeds and 
which was, at the same time, relatively noninjurious to cotton and 
moderately so to soybeans. 


Experiment 4. Effects of six successive sprayings. 

Chemically delinted Stoneville 2B cotton seed, Ogden soybeans, 
and nut grass tubers were planted separately in half-gallon glazed 
crocks in Oktibbeha clay soil. Ten nut grass tubers were planted per 
crock. All of the plants were grown in the greenhouse throughout 
this experiment and were more succulent and less cutinized than 
plants grown out-of-doors. All of the plants were sprayed as in pre- 
vious experiments, eight days after emergence of the cotton (except 
the checks) and one week later five-sixths of the plants were retreated, 
= until six separate applications had been made at weekly inter- 
vals. 

The nut grass shoots were two inches tall when first sprayed; the 
soybeans were two to three inches tall, and the cotton was two inches 
tall. 


The effect of the hydrocarbons on the plants one day after the first 

Spraying. 

The effects of one spraying with the different hydrocarbons on the 
plants one day after the first spraying are shown in table 5. The effect 
of the various hydrocarbons upon cotton and soybean hypocotyls 
was similar at this time. The saturated hydrocarbons had no effect 
on the hypocotyls, except for a trace of burning with heptane. The 
unsaturated hydrocarbon, heptene, produced severe burning of the 
hypocotyls, while with decene the burning was slight. Nut grass 
shoots were completely “cut” at the point of contact with hexane 
and hexene, but the leaf tissue below the point of contact was nor- 
mal. Fewer leaves were “cut” with heptane and heptene than with 
hexane and hexene, but the leaves were more discolored (olive color 
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with heptene). The only effect of decane was a slight discoloration, 
while moderate discoloration was evident with decene. Dodecane 
showed no effect at this time and dodecene showed slight effect. Tet- 
radecane and tetradecene produced no effect. 

The reason for describing the plant reactions to the above herbi- 
cides one day after the first treatment is to compare these results 
with the results that developed after a period of time. The toxicity 


Table 5. The effect of some saturated and unsaturated straight chain hydro- 
carbons on the hypocotyls of cotton and soybeans and the shoots of nut 
grass. Data recorded one day after spraying. 


Bivdrocarboa Injury to cotton | Injury to soybean Injury to nut grass 
: hypocotyls hypocotyls shoots 

None None Leaves cut 
None None Leaves cut 
Si ssevuceceeneresguan Trace burn Trace burn Leaves cut 
PE cwcdwedaesaneteacen Severe burn Severe burn Leaves cut 
Slight burn Slight burn Moderate discoloration 
None None Slight discoloration 
None None None 


Table 6. The effect of some saturated and unsaturated straight chain hydro- 
carbons on the hypocotyls of cotton and soybeans and the shoots of nut 
grass. Data recorded one week after spraying. 


Cotton hypocotyls Soybean hypocotyls Nut grass shoots 
Hydrocarbon Number* Number* Number* 

Normal Burn Dead Normal Burn Dead Alive Dead 

ae 8 0 0 6 1 0 12 0 
re x 0 0 8 1 0 12 0 
n-Heptane........ 7 1 0 5 5 0 12 0 
Heptene-2 0 8 0 0 0 6 12 0 
n-Decane wes 4 4 0 0 6 0 11 10 
ee, 1 7 0 0 2 6 11 10 
n-Dodecane....... 7 1 0 8 0 0 9 10 
Dodecene-1....... 6 2 0 8 0 0 2 12 
n-Tetradecane.... . fad 0 0 8 0 0 12 12 
Tetradecene-1.... 8 0 0 8 0 0 12 0 
age 8 0 0 8 0 0 12 0 


*Average number of plants variously affected in each crock. 


of hexane was most marked at this time because its speed of action 
was faster than with the other hydrocarbons on nut grass. With the 
other hydrocarbons, the rate of burning became progressively slower 
as the number of carbon atoms in the molecules increased, but the 
action of the larger molecules continued over a longer period of 
time, because of the lower rate of evaporation, resulting finally in 
far more injury. The final injury produced was a balance between 
inherent toxicity and persistence. 


Effect of hydrocarbons on cotton and soybean hypocotyls and the 
shoots of nut grass one week after the first spraying. 


The effect of the hydrocarbons on the plants was quite different 
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one week after treatment than it was one day after treatment — table 
6. Injury to cotton and soybean hypocotyls by decane and decene 
was quite pronounced. Decene was more injurious than decane, and 
soybeans were more severely injured than was the cotton. All of the 
nut grass shoots treated with decane and decene died, while an equal 
number of new shoots replaced them. Dodecane killed the nut grass 
shoots and an equal number of new shoots developed; dodecene 
killed the treated shoots and definitely retarded the development of 
new shoots. Tetradecane and tetradecene seemed to have no effect 
on nut grass at this time. 


Effect of the hydrocarbons on the plants nine weeks after the first 
spraying. 

The effects of from one to six applications of hydrocarbons nine 
weeks after the initial treatment (four weeks after the last treatment) 
are described below. The cumulative effects of retreatment are evi- 
dent. 


Nut grass. 

The shoots were quickly burned or “cut” with the six or seven 
carbon hydrocarbons, but the lower part of the shoots generally re- 
covered. Few tubers were killed by these materials, except by six 
applications of heptene — table 7. The 10 and 12 carbon hydrocar- 
bons burned the shoots more slowly than the six and seven carbon 
chains, but the 10 and 12 carbon hydrocarbons crept downward 
and killed the shoots and many tubers, especially with six applica- 
tions. The 14 carbon hydrocarbons killed the shoots very slowly; in 
fact, scarcely any visible effect was evident for several weeks. Tetra- 
decene produced visible injury sooner than tetradecane. The center 
leaves of the shoots were the first to die, followed later by the death 
of the entire shoot. 


Cotton. 

Cotton hypocotyls were at least slightly burned by all of the hydro- 
carbon tested —table 8. Hexane and hexene produced a small 
amount of shallow burning that was evident on only a few of the 
cotton plants. Heptane also produced a slight burn on a few plants; 
the burning with heptene was rapid and severe and progressively 

roduced more injury to cotton hypocotyls as the number of spray- 
ings increased. None of the cotton survived six applications of hep- 
tene. 

Injury to cotton plants with decane progressively became more 
severe as the number of sprayings increased; half of the cotton plants 
were uninjured with four applications, while with six applications 
all of the cotton hypocotyls were injured, but two-thirds of these 
would have grown to maturity. In contrast with decane, the injury 
produced by decene was severe, even with one application, being 
about as injurious as occurred with six applications of decane. Dec- 
ene brought about the death of almost all of the cotton plants that 


were sprayed more than once. The effect of both decane and decene 
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Table 7. The effect of spraying nut grass with from one to six appiications of 
hydrocarbons on the number of live and dead nut grass tubers per crock. 
Data recorded nine weeks after the first application’ (four weeks after the 
last application). 


Number of sprayings 


Hydrocarbon 1 2 3 4 5 | 6 

Live | Dead | Live | Dead | Live | Dead | Live | Dead | Live | Dead | Live | Dead 

| no. no no. | no. no. no. no. | no. no. | no. no.| no. 

n-Hexane... ... 21 1 18 1 18 1 19 1 15 1 13 1 
Hexene-1......| 21 1 19 1 22 1 16 1 15 1 12 1 
n-Heptanc..... 20 1 16 1 13 2 11 1 11 2 9 2 
Heptene-2.... 21 1 17 2 13 1 10 2 8 a 6 5 
n-Decane...... 18 1 12 3 10 3 6 6 5 5 a 6 
Decene-1...... 15 1 12 3 10 3 5 5 5 6 3 8 
n-Dodecane 17 2 9 g 9 7 4 s 3 8 1 9 
Dodecene-1....| 16 7 5 6 1} 10 1 9 1 9 1 9 
n-Tetradecane.| 21 3 18 6 17 7 11 7 14 6 8 6 
Tetradecene-1..| 20 5 12 5 5 7 6 7 3 ~ 2 10 
Ca Cae cose 26 1 26 1 26 1 26 1 26 1 26 1 


110 tubers initially planted in each crock. Pots with more than 10 tubers show formation of new 
tubers. 


Table 8. The effect of one to six sprayings of hydrocarbons on the hypocotyls 
of cotton, nine weeks after the first application (four weeks after the last 
application). The data are on the number of cotton plants variously affected 
in each crock. 


Number of sprayings 


| 
Hydrocarbon | 


1 2 3 4 5 6 
n-Hexane........ 7A 7A 7A 7A, 1B 6A, 1B 6A, 1B 
Hexene-1........ 6A 7A 8A, 1B 7A, 1B 7A, 1B 7A, 1B 
n-Heptane....... 4A, 2B 4A, 3B 5A, 2B 4A, 2B 5A, 2B 7A, 2B 
Heptene-2...... 7c 4C, 2D, 1E 2C, 5D, 1E 2D, SE 3D, 3E 
n-Decane........ | 4A,4B | 3A, 3B, 1E 5A, 3B | 4A, 1D, 3E 1C, 5E 4C, 2E 
Decene-1...... 6C, 1E OE 7 3D,5E | 8E 
n-Dodecane. ... . | 3A,3B_ | 2A, 1B, 3E 2C, 4E 3C, 4E 1D, 6E | 6E 
Dodecene-1......| 3B, 1D, 2E 4C, 3E 2D, SE 6E 7E 7E 
n-Tetradecane... 8A 7 7t 7t 7t } 7t 
Tetradecene-1. . . 6A, 1E 6A, 1E 5t, 2E 6t, 1E 6t, 2E 2E 
7A 7A 7A 7A 7A 7A 


A—no injury B—very slight burn C—moderate burn D—severe burn E—dead 
tPlants not killed, but injury was different from the other treatments, in that it was produced 
below the surface of the soil. 


was mainly on the hypocotyl, but some burning occurred at the 
soil line. 

Dodecane appeared to be relatively non-injurious to the cotton 
plants for several weeks, but injury finally developed. Injury pro- 
duced with three or four applications of dodecane corresponded to 
that produced with five or six of decane. Injury appeared to occur 
first at the ground line and to progress upward, which is in contrast 
to the previous hydrocarbons mentioned, which occurred first at 
the point of contact of the spray on the hypocotyls. The effect of 
dodecene on cotton hypocotyls was more severe than with dodecane 
and injury developed exr-ier. In this experiment, injury with dodec- 
ene appeared to be about the same as with decene, but injury at 
the soil level was greater. 

Tetradecane seemed to be entirely without effect on the cotton 
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lants; however, after the cotton plants were pulled up, marked 
injury to the top of the tap root me hypocotyl base was noted. This 
injury was evident on cotton plants that had received two or more 
applications and the injury became more pronounced as the num- 
ber of applications were increased. Since none of the plants were 
visibly injured at the termination of the experiment, it is not known 
whether this injury was important or not; however, it seems probable 
that this injury would have resulted in reduced yield of cotton with 
three or more applications. Tetradecene was more severe than tetra- 
decane, in that some cotton plants actually died with one or more 
applications; however, most of the plants were injured below the 
soil line, the same as with tetradecane and the actual ultimate im- 
portance of the injury is not known. This injury produced by tetra- 
decene appeared to be greater than that produced by tetradecane. 

The results of this experiment suggest that unsaturated straight 
chain hydrocarbons should not be used as herbicides for removing 
weeds from cotton. The data also strongly suggest that one should 
guard against repeated applications of the 12 and 14 carbon hydro- 
carbons, because of the chronic injury that these hydrocarbons 
produce. 


Soybeans. 


Soybean hypocotyls were burned with hexane and hexene — table 
9. Six applications of hexene produced a severe burn to the hypo- 
cotyls while the same number of sprayings with hexane produced 
slightly less injury and is suggestive, at least, that hexene is more 
injurious to the hypocotyls than hexane. 

Heptane was more injurious to soybean hypocotyls than either 
hexane or hexene, severe burning being brought about by three or 
more applications. Injury with heptene was considerably greater 
than heptane, severe injury or death resulting even with one appli- 
cation. 

Soybeans were able to withstand one application of decane with 
very little injury, but two or more applications resulted in severe 
injury and many plants died with four or more applications. Decene 
was much more injurious than decane, the soybeans being unable 
to withstand even one application. Decene resulted in almost all of 
the soybeans being killed with all treatments, indicating that soy- 
beans were extremely sensitive to this hydrocarbon. 

Dodecane and dodecene appeared to be less injurious to soybeans 
than decane and decene. The soybeans withstood one application of 
either of these hydrocarbons with little injury being produced, 
while with dodecane, three applications resulted in a moderate burn. 
Injury progressed from the soil line upward, the same as with cotton. 

Tetradecane and tetradecene produced injury to the soybeans 
which was below the surface of the soil, the same as with cotton. The 
extent of the injury was difficult to determine. The results indicate 
a very sharp difference in toxicity of tetradecane and tetradecene. 
None of the soybean plants were killed with tetradecane, while some 
soybean plants died with one or more applications of tetradecene, 
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Table 9. The effect of one to six sprayings of hydrocarbons on the hypocotyls 
of soybeans. Data recorded nine weeks after the first spraying (four weeks 
after the 6th or last spraying). The data are on the number of soybeans 
variously affected in each crock. 


Number of sprayings 


n-Hexane 5B 4B 2B, 2C 2B, 2C 4c 5c 
Hexene-1........| 3A, 2B 3B, 2C 2B, 4C 2B, 2C 4c 1C, 5D 
n-Heptane....... 6C 5C 4D 5D 4D 4D, 2E 


He 


See 2D, 2E 2D, 2E or 1D, 4E 1D, 3E 1D, 4E 
B 4D 


n-Dodecanc.. . | >, 2E 
Dodecene-1 3B 4D 4D 2D, 3E 2D, 2E 2D, 3E 
n-Tetradecanc... 5t 4t 5t 4t 4t 
Tetradecene-1... 3t, 1E 2t, 2E 2t, 2E 1f, 3E | ) 
ak ce 5/ 5A 5. 


A—no injury B—slight burn C—moderate burn D—severe burn E—dead 
tPlants not killed, but injury was different from the other treatments, in that it was produced 
below the surface of the soil. 


the number of plants killed increasing as the number of sprayings 
was increased. None of the soybean plants survived five or more 
applications of tetradecene. 


Experiment 5. Response of annual weeds and crop plants to hydro- 
carbon sprays. 

This test was conducted in a manner similar to the previous test 
and the data are presented in table 10. The Esso VM & P naphtha 
was similar to octane in many respects. The boiling range was 250° 
to 290° F., with the 50 per cent being 261° F., which was almost 
identical with octane (258° F.). 

Annual weeds consisted of crab grass, pigweeds, annual morning 
glory, ragweed, vetch, wild geranium, clover and Oenothera sp. 
These weeds were greatly reduced by two or more sprayings with 
hexane and by one or more sprayings with the VM & P naphtha. 
The control of annual weeds would likely have been even more 
complete, had the surface of the soil not settled a little below the 
level of the rims of the cans, so some of them were missed in the 
spraying operation. Hexane was relatively ineffective against the 
Johnson grass shoots, because the shoots were rather thick in com- 
parison to the annual weeds and the hydrocarbons must be persistent 
enough to penetrate far enough, if killing is to occur. The VM & P 
naphtha had a higher boiling range than hexane and killed most of 
the Johnson grass shoots; however, most of the shoots that survived 
the first treatment, were not killed by subsequent treatments. The 
shoots that survived the first treatment were the larger shoots and 
these had time to become still larger beween treatments. 

Cotton was injured scarcely any by even six applications of the 
VM & P naphtha. Soybeans were planted but a poor stand was ob- 
tained, so the data on soybeans were sketchy; however, the fact that 
some soybeans survived six applications of the VM & P naphtha is 
significant and indicates that soybeans can withstand this naphtha 
fairly well. 
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Experiment 6. Age of plant study. 


The pur of presenting the data in table 11, is to show the 
influence of age on the injury that is produced by hydrocarbons upon 
cotton and soybean hypocotyls. The plants were grown out-of-doors 
in gallon cans and treated with Shell Dispersol (boiling range 380- 
490° F.) which was very low in aromatics. The effect of this product 
might be expected to produce a plant reaction similar to dodecane 
(b. p. 421° F.). The plants may have been tougher than the green- 
house plants used in most of the previous tests, since the plants 
in this test were grown in the open. 

The results indicate that young cotton was much more sensitive 
to Dispersol than older cotton; however, the young and older soy- 
beans were almost equally sensitive, both being considerably less 
tolerant than was cotton. The data indicate that the control of 
nut grass in older cotton, would be more feasible with Dispersol, 
than it would be in young cotton. 


Table 10. The effect of one to six sprayings with hexane and Esso VM & P 
naphtha on the number of annual weeds and Johnson grass shoots per 
crock, and the effect of these sprays upon cotton hypocotyls. Readings were 
recorded nine weeks after the first application (four weeks after the last 


application). 
Number of sprayings 
Material 1 2 | 3 | 4 | 6 
Number of weeds per container 
Hexane.......... 15 1 1 | 2 1 0 
VM & P naphtha. 2 2 2 2 0 0 
ere 10 10 10 10 10 10 
Number of Johnson grass shoots per container 
9 7 9 9 | 5 6 
VM & P naphtha. 1 2 3 0 0 3 
10 10 10 10 10 
Number of cotton plants variously injured 

CO Eee 7A 7A 7A | 7A 7A 7A 
VM & P naphtha. 7A 7A 8A 7A, 1B 5A,3B | 4A, 3B 
8A 8A 8A 8A 8A 8A 


ft. A—no injury B—slight injury C—moderate injury D—severe injury E—dead 


Table 11. The effect of one to six sprayings with Shell Dispersol on the hypo- 
cotyls of one and six weeks old cotton and soybeans and the effect of spray- 
ing nut grass shoots on the percentage of tuber kill. Readings recorded nine 
weeks after the first spraying (4 weeks after the last spraying). 


Injury by different numbers of sprayings 
Type of plant 

1 2 3 
1 week old cotton....... none none moderate | severe severe dead 
6 weeks old cotton....... none none none none none slight 
1 week old soybeans...... slight slight moderate | dead dead dead 
6 weeks old soybeans... .. none moderate | moderate | dead dead dead 
Nut grass (tuber kill).... . 20% 30% 40% 80% 80% 75% 
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DIscussION 


The saturated paraffin hydrocarbons showed toxicity 
to crops and weeds, with the toxicity varying according to molecular 
weight and configuration. As a group, these hydrocarbons were much 
less injurious to cotton and soybean hypocotyls than they were to 
grass shoots. Soybean hypocotyls were less tolerant than were the 
cotton hypocotyls to the paraffins. The differences in the effect of 
the paraffin hydrocarbons upon the cotton and soybean hypocotyls 
and the shoots of grass, nut grass and small weeds makes selective 
weeding of cotton and soybeans possible. Although soybeans are 
much more sensitive than cotton to hydrocarbons, they have been 
successfully weeded with a naphtha in a field experiment reported 
by Leonard, Harris, and Edwards (10). 

The olefines, in contrast to the paraffines, produced marked injury 
to cotton and soybean hypocotyls and injury to grass and nut grass 
was appreciably greater with the olefines than with the parafhines. 
It is clear, from the results, that the olefines used alone would be 
too toxic to the crop hypocotyls to be used as selective herbicides in 
removing grass or nut grass from either cotton or soybeans. Edwards, 
et al. (5) suggest that a cotton weed oil should not contain over 2 
per cent olefines and diolefines. Crafts and Reiber (2), and Havis 
(7), (8) have also noted a greater toxicity of the olefines compared 
to the paraffins, although Havis considered the differences to be 
small. The present paper emphasizes that the difference in toxicity 
of paraffines and olefines varies with different plants and plant parts, 
and that these differences are important when selective weed con- 
trol is the objective. 

Chemically, the olefines are quite reactive, and one would expect 
them to react variably, depending upon the types of catylists which 
are present in different plants. The herbicidal properties of olefines 
seem to fit the chemical consideration; however, the data are explain- 
able on the bases of greater solubility of the olefines in cell mem- 
branes than similar paraffines. Currier (3) discussed the merits of the 
physical and chemical theories on the nature of the toxicity of hydro- 
carbons, and reviewed the literature. 


The branch chain paraffines and olefines were less injurious than 
the straight chain isomers, but the differences were not great. The 
straight chains may be able to penetrate the cuticle better than 
branched chains. Such a theory serves as a logical explanation for 
the greater toxicity of the straight chain molecules; however, carbon 
atoms having a tertiary hydrogen are readily oxidized and one 
should anticipate that these might be slowly oxidized and give 
chronic injury that is slow in developing. 

There was almost no difference in the toxicity of hexane and hex. 
ene in these tests. Both of these hydrocarbons produced a rapid 
and localized burn to grass blades. It is considered that no difference 
in toxicity was apparent because both compounds evaporated quite 
rapidly, allowing the olefine, hexene, insufficient time to produce 
appreciable chemical injury. On the other hand, Currier (4) found 
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that hexene vapors were no more toxic than those of hexane. It 
seems doubtful whether hexene is different from the other olefines 
with respect to producing injury to plants. It seems evident that 
there is some basic difference in the effect of the liquid and gaseous 
states of hydrocarbons on plants. 

Although the cyclo-hydrocarbons studied in this paper produced 
no more injury to the plants studied than the straight chain hydro- 
carbons, it is considered that these results were due to the low boil- 
ing point of the compounds that were studied. Porter and Holstun 
(14) found that injury to cotton plants with oil sprays was influenced 
somewhat by the naphthene content of the oils used. 

With the seven to 14 carbon hydrocarbons, injury with the olefines 
was appreciably greater than with the paraffines on the grasses and 
greatly more toxic on the cotton and soybean hypocotyls. The 
marked differential in toxicity of the paraffines to cotton and soybean 
hypocotyls and to grass shoots makes selective weed control possible; 
with the olefines, this differential does not exist, and hence these 
compounds are unsuited for selective weed control in cotton and 
soybeans. 

There was a relationship between the number of carbon atoms in 
the molecules and the rate at which injury was produced. The time 
necessary to produce death of the tissue treated, increased as the 
number of carbon atoms in the molecules increased. Injury by the 
olefines was more rapid than with the paraffines. Injury produced 
by the 14 carbon atom chains was so slow, that the injury was con- 
sidered to be chronic. It is possible that part of the injury that 
eventually occurs on plants treated with the heavier hydrocarbons 
results from the fact that they may be changed into new and more 
toxic compounds. One advantage of the lighter hydrocarbons in 
selective weeding, is that they will not be so persistent in the tissues 
of the crop plants and produce delayed injury. On the other hand, 
the persistence of the hydrocarbon is an advantage, especially in con- 
trolling of some kinds of weeds, such as nut grass. The heavier hydro- 
carbons evaporate slowly and have time to creep down the nut grass 
shoots beneath the soil surface and into the tubers and has resulted 
in a high percentage of the tubers being killed in some tests. Crafts 
and Reiber (2) found that the unsulfonated residues of stove oil 
and of heavy isoparaffin that had been stored for several months in 
light, became very toxic to flax and barley. It seems only logical that 
similar changes might take place in oils on plants. 

It is of interest to note that the boiling point of decane (345° F.) 
falls near the 50 per cent point of naphthas that are used for weed- 
ing cotton, and that octane falls somewhat below the lower initial 
distillation point of these naphthas. It seems likely that these naph- 
thas consist largely of straight and branch chain paraffins containing 
a high percentage of molecules with 10 carbon atoms. It is likely 
that the paraffin fraction of the naphthas is not as toxic as decane, 
because of the occurrence of branch chain molecules; however, this 
fraction is effective as a herbicide, as was shown in Experiment 1. 
Octane, also, was an effective herbicide, although its boiling point 
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was somewhat below that of the lower part of the naphtha range 
(258° F.). The VM & P naphtha (boiling range 250-290° F.) was, 
also, an effective selective herbicide for removing small annual weeds 
from cotton andssoybeans. One advantage of the eight and 10 carbon 
hydrocarbons in selective weeding is that the injury produced is 
largely of the acute type. Hydrocarbons containing 12 carbon atoms 
evaporate more slowly and produce delayed injury to both cotton 
and soybeans, which makes them less suitable for selective weeding 
than the eight to 10 carbon hydrocarbons. 

The effect of repeated spraying is an important factor in deter- 
mining the type of hydrocarbons that can be used and represents a 
somewhat new aspect of selective weeding with oil. The method is 
now used commercially in cotton weeding in the Southern States. 
Injury to cotton hypocotyls increased as the number of sprayings 
increased from one to six. The most likely hydrocarbons for repeated 
use in weeding cotton were octane and decane. One-half of the cotton 
treated four times with decane appeared to be uninjured by the 
sprayings; often this loss in number of cotton plants would not be 
serious under field conditions. Although four applications of dec- 
ane reduced the number of nut grass tubers by only 40 per cent, 
the weight of the shoots nine weeks after the initial spraying was 
reduced by about 80 per cent. Under field conditions, nut grass 
is retarded as the cotton plants become larger and this operates as 
a factor that is in addition to that studied in this paper. Nut grass 
was quite effectively controlled by five or six applications of dodec- 
ane — 90 per cent of the tubers being killed. If the nut grass were 
controlled for the remainder of the growing season by crop com- 
petition, it is conceivable that by repeating the above treatment, 
one could eventually eradicate nut grass. Unfortunately, most of 
the cotton was killed by five applications of dodecane. Larger cotton, 
as shown in Experiment 6, can withstand the dodecane-like hydro- 
carbons better than small cotton. It might be best to use an octane- 
like naphtha for the first three or four sprayings and to then use the 
dodecane-like hydrocarbons for killing nut grass tubers. 

The effect of any hydrocarbon on the cotton will vary with the 
age of the plants and conditions under which it is grown. Harvey (6) 
has indications, at least, that California cotton can withstand “hot- 
ter” oils than Mississippi cotton. Nevertheless, a hazard in repeatedly 
using heavier oils, is indicated. Leonard and Harris (11) found that 
25 per cent trimethylbenzene in Shell Dispersol (boiling range 380- 
490° F.) was somewhat more effective than Dispersol alone in killing 
of nut grass tubers and was no more injurious to either young or 
old cotton hypocotyls. Evidently, the addition of a suitable aromatic 
would reduce the number of sprayings that would be required to 
achieve a certain tuber kill. 

One or two applications of a hydrocarbon may control annual 
weeds, if the treatments are applied while the weeds are small. Since 
only one or two applications may be necessary for annual weed con- 
trol, it is of less importance to consider what paraffin to use, so long 
as the sprays are effective on the annual eeele. 
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Weed control with oils has proven to be more difficult in soybeans 
than in cotton. Nevertheless, Leonard, Harris and Edwards (10) suc- 
cessfully weeded soybeans. The first spray using 214 gallons of the 
naphtha LHH-1 per acre killed most of the small crabgrass seed- 
lings and the second spray at five gallons per acre reduced John- 
son grass shoots at harvest time by 90 per cent. Since soybean hypo- 
cotyls are so sensitive to the hydrocarbons, it is important to consider 
what hydrocarbons that can most safely be used. The results from 
experiment 3 suggest that octane would be a satisfactory herbicide 
for weeding soybeans, since the soybeans were able to withstand four 
applications of octane with only moderate injury. In this connection, 
the VM & P naphtha, whose boiling range was 250—290° F. indi- 
cates that it was somewhat similar to octane, was successfully used 
as a selective for weeding soybeans. Since hydrocarbons having the 
boiling range of octane evaporate rapidly and therefore have less 
opportunity to produce injury that occurs by creeping, it is impor- 
tant to spray the weeds when they are very small, if the best control 
of weeds is to be achieved. It is of interest to note that even hexane 
is an effective herbicide against annual weeds, if the weeds are very 
small when sprayed and if the sprayings are repeated a number of 
times (Experiment 5). 

The above indicates that soybeans can be weeded successfully and 
safely with hydrocarbons, if mixtures are used that contain the lower 
boiling paraffines (preferably octane) and if the weeds are sprayed 
when they are still very small. Young and old soybeans are about 
equally sensitive to hydrocarbons, so there is little advantage in de- 
laying the spraying. In order to reduce the chances of injury, it is 
suggested that the amount of spray applied per acre be reduced to 
21% gallons with the first application. 


SUMMARY 


1. Olefines were somewhat more injurious to grass and nut grass 
than were the paraffines and injury was produced more rapidly. 

2. Olefines were very injurious to the hypocotyls of cotton and 
soybeans, whereas the paraffines were much less injurious. 

3. Branch chain olefines and paraffines were slightly less toxic 
than similar straight chain isomers. 

4. The speed at which injury was produced decreased as the length 
of the carbon chains increased from six to 14 carbon atoms. On 
small annual weeds where persistence and creeping of the hydrocar- 
bon is less a factor in killing the seedlings, the lower boiling hydro- 
carbons were satisfactory herbicides. When creeping is an important 
factor in achieving kill, such as on nut grass, the longer chain hydro- 
carbons were more effective. However, since the inherent toxicity 
of the hydrocarbons decreased as the number of carbon atoms in- 
creased, tetradecane was less effective than dodecane as a nut grass 
herbicide. 

5. Soybean hypocotyls were more sensitive to hydrocarbons than 
were cotton hypocotyls. 

6. The results suggested that cotton could withstand several appli- 
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cations of decane. Decane is probably a more effective herbicide than 
octane, especially when the weeds are tough and when some per- 
ennial grasses are present. 

7. Octane appeared to be a safer herbicide for soybeans than 
decane, but to be effective, the weeds would have to be treated while 
they were still quite small. 

8. Nut grass shoots sprayed five times with dodecane showed a 
90 per cent reduction in the number of live tubers. 

9. The most effective hydrocarbons against Johnson grass were 
those that contained 10 to 12 carbon atoms. 

10. Injury with tetradecane and tetradecene was very slow in 
developing. Both cotton and soybeans showed injury with these 
compounds that was apparent beneath the surface of the soil. John- 
son grass, nut grass, and crab grass showed chronic injury with these 
materials. 
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Studies on Spray Retention by Leaves of Different Plants’ 
W. B. Ennis, JR.,? RALPH E. WILLIAMSON,’ and K. P. DorscHNER* 


HE EMPLOYMENT Of selective herbicidal sprays to kill or inhibit 
aa or more undesirable plant species growing in close associa- 
tion with desirable species has become a common practice in pro- 
ducing certain crop and pasture species. Many crop and weed plants 
which are equally inhibited if exposed to certain herbicides during 
the germination period may show marked differential response when 
the tops of the same plants are sprayed with the materials. For ex- 
ample, the common small grains and corn are readily inhibited by 
the herbicide 2,4-dichlorophenoxyacetic acid (2,4—D) if exposed to 
solutions of the herbicide at the germination stage. Notwithstanding, 
2,4-D is widely used in spraying these crop plants at certain stages 
to control weeds without causing significant damage to the crops. 
The lack of serious damage to these species from applications of 
2,4—D to their tops may be attributed to several factors. Firstly, the 
spray may be repelled and shed harmlessly to the soil by the crop 
species and retained by the weedy ones. Secondly, the spray may be 
retained about equally well by the foliage of all species, but absorp- 
tion and translocation of the herbicide to susceptible tissues, such as 
the stem and root apical meristems, may be less efficient in the non- 
susceptible species than in the susceptible ones. Possible differential 
accumulation of herbicides at the site of toxic action by susceptible 
and tolerant — also may be important. Thirdly, the differential 
response of plant species to certain herbicidal sprays may be attribu- 
table to an inherent physiological capacity of the non-susceptible 
plant to tolerate the herbicide even in intimate association with the 
cellular components. Fourthly, some herbicidal materials appear to 
be readily taken up by the normal absorbing organ, the roots, of 
plants, but are not absorbed efficiently by the aerial plant parts be- 
cause of certain physio-chemical relationships and internal morpho- 
logical barriers. Fifthly, the position of the stem growing point may 
be a factor influencing the differential response of plants to herbi- 
cidal sprays. The apical bud of the stem in most broadleaf plants is 
usually wet by foliage sprays, whereas the stem bud of grasses is pro- 
tected by several enveloping leaves. Sixthly, some species may inacti- 
vate the herbicide more rapidly than others and hence are not highly 
responsive. 

This paper is concerned with studies on certain of the factors re- 
lating to the selectivity of foliage sprays of certain herbicidal ma- 
terials. 

: = large portion of the work was conducted at Camp Detrick, Frederick, Mary- 
and. 


**Respectively, Head, and Assistant Plant Physiologist, Department of Plant 
Pathology and Physiology, Mississippi Agricultural Experiment Station, State 


College, Mississippi. 
*Botanist, Camp Detrick, Maryland. 
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REVIEW OF LITERATURE 


Several workers have described factors influencing the effectiveness 
of plant growth-regulating sprays. Smith (1946) found that large 
droplet sprays applied at low pressure were retained by soybean 
plants to a greater degree than small droplet sprays applied at higher 
pressure. Fogg (1947) found large differences between species in the 
extent to which the leaves are wetted by water and suggested there 
may be variation in wettability between different leaves on the same 
stem of some species. Ennis and Boyd (1946) found that the addition 
of Carbowax to aqueous solutions of 2,4—-D enhanced the inhibitory 
effect of the substance when applied to Red Kidney bean plants, but 
the Carbowax did not increase the inhibitory effectiveness over 
wholly aqueous spray on soybeans. These workers suggested that the 
dissimilarity in the response of the two species to the Carbowax and 
wholly aqueous sprays might be related to the difference in leaf 
pubescence. It has been demonstrated that the addition of a hygro- 
scopic agent increases the total amount of toxicant passing into leaves 
(Hopp and Linder, 1946; Rice, 1946; Mitchell and Linder, 1950). 
Staniforth and Loomis (1949) have recorded that the addition of 
surface-active agents, apart from their effect on retention, may also 
increase the area of spray contact and therefore the degree of pene- 
tration. These latter workers also noted that non-ionic and ionic 
surface agents differed in their wettability properties on corn and 
soybean. The rate of retention of sprays in determining selective 
toxicity of certain herbicidal materials has been reviewed in an excel- 
lent manner by Blackman (1950). 


EXPERIMENTATION 


Influence of Carrier on Inhibitory Effects of 2,4—D on Soybean 

Effect of Pubescence: In order to study the influence of pubescence 
on the inhibitory effectiveness of 2,4—-D aqueous sprays, with and 
without Carbowax, three types of soybean having different pubes- 
cent character were treated in a greenhouse experiment. Seed® of a 
pubescent type (T—122), a largely glabrous type (T—145) and a domi- 
nant glabrous type (T—151 Ia.) were planted in 14-gallon glazed pots 
on January 28, 1949. Fifteen days later pots containing two plants 
each were treated singly in a cylindrical chamber (0.1 sq. yd.), using 
a deVilbiss atomizer. Air pressure was held constant for all sprayings 
by a regulator manometrically controlled. Eight pots made up each 
treatment. 

One hundred, 250, and 500 p.p.m. of the 2,4—D acid in wholly 
aqueous solution and in 0.5 per cent Carbowax 1500 aqueous solu- 
tion were applied at a volume rate of 10 ml. per sq. yd., equivalent 
to 1.0, 2.5, and 5.0 mg. of 2,4—D per sq. yd., respectively. The inhibi- 
tion of plants treated with 2,4—D in the Carbowax 1500 solution was 
noticeably greater for all three soybean types than resulted from 
the same levels of 2,4—-D in the wholly aqueous treatments. Twenty 


*Kindly furnished by the Iowa Agricultural Experiment Station, Ames, Iowa. 
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days after treatment, the plants were harvested; green weights were 
taken of the plant portion above the first trifoliolate leaf. These data 
are summarized in table 1. 

From a study of the analysis of variance of the yield data obtained 
in this experiment (table 2), it was obvious that the 2,4—D in 0.5 per 
cent Carbowax 1500 spray was more inhibitory to all three varieties 
of soybean than the wholly aqueous sprays of the growth-regulator. 
The question arose as to whether or not this difference was attribu- 
table to increased adherence of the spray caused by the Carbowax. 
Accordingly, another experiment was made to determine the actual 
amounts of spray retained by glabrous and pubescent soybeans. 

Spray Retention by Pubescent and Glabrous Soybean: On Febru- 
ary 16, 1949, glabrous (T—145 Ia.) and pubescent (T—122) soybean 
plants selected for uniformity were cut off above the soil level, 
weighed rapidly on a Roller-Smith balance to the nearest mg., and 
then sprayed and reweighed. This operation was carried out in a 
cool, damp room in which determinations revealed little transpira- 
tion was occurring. The severed plants were supported during spray- 
ing in an upright position by placing the stem in a glass tube held 


Table 1. Inhibitory effect of 2,4-D sprays on soybean plants differing in 
pubescence. Figures represent mean green weight (g.) per replicate (2 


plants). 
Mg. 2,4-D per sq. yd. Aqueous 0.5% Carbowax 1500 
Pubescent (T-122) 
0 1.50 2.60 
1.0 1.76 1.01 
2.5 0.87 0.42 
5.0 0.27 0.16 
Largely glabrous (T-145) 
0 1.41 1.36 
1.0 1.20 0.69 
2.5 0.70 0.38 
5.0 0.22 0.09 
Glabrous (T-151 Ta.) 
0 2.44 1.62 
1.0 | 1.46 1.06 
2.5 1.27 0.77 
5.0 | 0.46 0.47 
Table 2. Analysis of variance for data in table 1. 
Source df. Sum of squares | Mean square | F 
Carrier (GC)... 1 2.79 2.79 39.85%* 
3 61.72 20.57 293.85** 
2 6.71 3.35 47.85 ** 
3 3.29 1.09 15.57** 
6 2.76 0.46 6.57 ** 
7 0.93 0.13 1.85 


**Significant at the 0.01 level of probability. 
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by a large rubber stopper. The plants were handled with extreme 
care after spraying to prevent the spray droplets from running off 
before being weighed. The time elapsing between cutting the stem 
and the last weighing did not exceed two minutes. The spray tech- 
nique was identical to that described previously. Eight plants made 
up each treatment. 

The mean amounts of spray retained by pubescent soybean per 
gram of plant (green weight) were 0.037 and 0.030 g. for the Carbo- 
wax and wholly aqueous treatments, respectively; the glabrous plants 
retained 0.019 and 0.014 g. of the Carbowax and aqueous sprays, 
respectively. These data indicate on an average basis that compared 
with water, there was about 23 and 36 per cent more spray retained 
by the pubescent and glabrous plants, respectively, when Carbowax 
was employed. 

The data on the pubescent soybean (T—122) and glabrous soybean 
(T-145 Ia.) from the above experiment were used to determine how 
much of the increased inhibition occurring in that experiment from 
the use of Carbowax could be accounted for by the increased adher- 
ence of the spray.® The totals of weights of two plants in eight repli- 
cates were converted to logarithms (coded by a factor of 10) in order 
to straighten the dosage-response curve. A straight line was computed 
by Least Squares methods for the water treatments and another for 
the Carbowax treatments. These two lines for each variety are the 
solid and long dashed lines in figures 1 and 2. 

The method followed in making use of the information on the in- 
creased adherence caused by the Carbowax 1500 may be illustrated 
by this line of reasoning: If, for example, 100 p.p.m. of 2,4—-D were 
sprayed in 0.5 per cent Carbowax 1500 about 20 per cent more agent 
would adhere to the plant than if the agent were sprayed in wholly 
aqueous solution. This might be thought of as meaning that 100 
p-p-m. of the agent in the Carbowax was the equivalent of 120 p.p.m. 
of the agent in water. The response of the plants to 120 p.p.m. was 
determined from the “water line” calculated in figures 1 and 2. This 
gave a value (green weight) which could be expected to result from 
the use of 100 p.p.m. in the Carbowax 1500 carrier. This was done 
for successive doses and the resulting values were plotted to form 
the “expected” shown in the short-dashed lines in figures 1 and 2. 

Statistical tests showed that the difference (on the order of 0.5 g. 
per plant) between the long-dashed and short-dashed lines was not 
significant for either variety. Accordingly, the increased inhibition 
of soybeans treated with 2,4—D in 0.5 per cent Carbowax 1500 over 
that of plants treated with the agent in a wholly aqueous carrier 
could be accounted for on the basis of increased adherence of the 
spray caused by Carbowax 1500. 


*Acknowledgment is made to Dr. C. J. Maloney and Mr. John Haynes of the 
Statistical Branch at Camp Detrick, Maryland, for making these computations. 
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Fic. 1. Dosage-response curves for glabrous soybeans treated with 2,4-D in two 
carriers. 


Effect of Leaf Angle and Leaf Pubescence on Retention of Sprays 

The preliminary data in the preceding section indicated there may 
be marked differences in the amount of spray retained by pubes- 
cent and glabrous soybean plants. 

Further to study spray retention by soybean plants, several other 
experiments were conducted in which the amount of spray adhering 
to the leaves of the plants was determined colorimetrically. 

The general procedure is illustrated by that followed in one rep- 
resentative experiment. A standard density curve was established for 
Pontacyl Light Red BL dye aqueous solution, using a Klett-Summer- 
son photoelectric colorimeter fitted with a No. 54 green filter. Tests 
revealed that the addition of 0.5 per cent Carbowax 1500 to water 
had no influence on the colorimeter readings. 
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Fic. 2. Dosage-response curves for pubescent soybeans treated with 2,4-D in two 
carriers. 


The stem of plants to be treated was severed just above the pri- 
mary leaves and the potted plant was placed in the center of a cylin- 
drical spray chamber, 0.1 sq. yd. in cross-sectional area. Prior to treat- 
ment, the deVilbiss atomizer used in spraying was secured firmly at 
the proper height to produce a cone of spray 0.1 sq. yd. in area on the 
floor of the spray chamber. Pressure on the sprayer was maintained 
manometrically at a constant pressure for all the treatments. As 
appropriate, the primary leafblades of the detopped plants were held 
horizontal (90°) or downward at 45° angles by a clamp which sup- 
ported the petioles. The plants were sprayed singly with one ml. of 
a wholly aqueous or 0.5 per cent Carbowax 1500 aqueous solution, 
both containing 0.95 per cent of the Pontacyl dye. By supporting 
the leaves by their petioles, their resiliency was not altered as \.as 
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found to occur when detached blades were supported by wooden 
blocks having faces of different angles. 

The primary leaves on a glabrous soybean, Var. T—145 Ia., and a 
pubescent soybean, Var. Lincoln, were treated in sextuplicate. The 
collected dye droplets were washed off the leaf blades quantitatively 
with distilled water after severing the petioles, and placing the blades 
on the wall of a funnel. Care was exercised to prevent shaking or 
jarring the leaf blades in cutting their petioles and in transferring 
them to the funnel. The rinse was collected in 50 or 100 ml. volu- 
metric flasks. The identity of the primary leaves was kept and each 
was photostated. The areas of the individual leaves were determined 
by measuring the leaf outlines with a planimeter. The density of the 
dye was measured with a Klett-Summerson colorimeter and the 
actual ml. of liquid retained per sq. cm. of leaf area was calculated, 
using a standard concentration curve for the dye and the leaf area 
data. 

The results of one experiment are summarized in table 3. An 
analysis of variance for the data (table 4) showed that spray reten- 
tion differences attributable to leaf type, carrier, and leaf angle were 
highly significant. The pubescent leaves retained more droplets than 
the glabrous leaves. More Carbowax 1500 spray than wholly aqueous 
spray was retained by leaves of both types. Leaves in a horizontal 
position retained more spray than those held at a 45° angle from 
the horizontal. Three other greenhouse experiments gave essentially 
the same results. 


Behavior of Droplets Impinging on Leaf Surfaces 
In the course of studying the influence of Carbowax 1500 on the 
retention of aqueous sprays by glabrous and pubescent soybean 


Table 3. Retention of water and 0.5 per cent Carbowax 1500 spray by the 
primary leaves of pubescent and glabrous soybeans. Figures represent mean 
mg. liquid retained per sq. cm. leaf surface. 


Leaf type 
Carrier Leaf angle 
Pubescent Glabrous 


Table 4. Analysis of variance for data in table 3. 


Source df. Sum of squares | Mean square 
1 0.330,340 0.330,340 7.85** 
eee 5 0.109,564 0.021,913 0.52 


**Significant at the 0.01 level of probability. 
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leaves, it was noticed that the wholly aqueous droplets “he magn 
bounced from the leaves of the soybeans irrespective of whether the 
leaves were pubescent or glabrous. Further to study the behavior of 
droplets impinging on leaves, a series of experiments were made 
to observe individual droplets of various solutions after striking 
leaves of different species. A glass droplet-sizer (Ennis and James, 
1950) which produces droplets singly and rapidly, was used in mak- 
ing the treatments. Droplets 0.5-0.7 mm. diameter were allowed to 
strike leaves of the various species held in a horizontal position. Some 
high-speed motion pictures were taken in order to study the indi- 
vidual droplet behavior. 

Wholly Aqueous Droplets: There was a marked difference in the 
retention of aqueous droplets by the leaves of the various species 
studied. Aqueous droplets bounced off the leaves of many species 
while they were retained by the leaves of others (tables 5, 6, 7). The 
droplets sometimes adhered to the lower leaf surface of some species, 
but were repelled by the upper surface, e.g., Ladino clover and 
peanut. The petioles of lotions and peanut leaves and the veins 
of the leaves of soybean and Johnson grass retained aqueous drop- 
lets impinging on them, whereas the lamina of the blades repelled 
the droplets. Droplets bouncing from the lamina of the leaf blades 
of certain plants adhered frequently to the margin of the blades 
(tables 5, 6). Aqueous droplets striking the leaves of some plants 
broke up into many minor droplets (table 5). On tobacco and coleus, 
the water drops formed a circle of numerous satellite droplets. 

Effect of Surface-active Substances: Aqueous droplets containing 
certain surface-active agents behaved differently from wholly aqueous 
ones upon impinging on the surface of leaves of some species. For 
example, aqueous droplets containing | per cent Tergitol 7 were 


Table 5. Behavior of droplets of different solutions impinging upon the 
upper surfaces of leaves of certain greenhouse-grown plants. Figures repre- 
sent average number of minor droplets produced by larger drops (ca. 0.6 
mm. diameter) upon striking the leaves. 


Wholly aqueous 1% Tween 20 1% Tergitol 7 5% oil-emulsion 
Plant Droplet | Minor | Droplet | Minor | Droplet | Minor | Droplet | Minor 
reten- | droplets| reten- | droplets; reten- | droplets| reten- | droplets 
tion formed tion formed tion formed tion formed 
Kidney bean...... x 5.9 —_ _ x 3.1 Xx 3.0 
XXX XX Xx 1.0 2.2 
x 11.5 x 6.3 x 1.6 x 3.8 
Dandelion. ...... x 6.2 x 2.3 x 1.3 x 1.7 
Cabbage..........| XX t x 1.7 XX 3.0 
Cabbage!......... XX Xx x Xx 
Swiss Chard....... xX 2.8 x 2.0 xX 1.0 x 1.0 
SO Sa x 2.2 xX 1.8 x 1.0 x 1.0 
ence Xx 11.9 x 4.6 x 2.5 x 3.6 
Sugar Beet........ xX 2.4 x 2.8 xX 1.0 x 1.0 
x 9.2 x 5.0 x 1.3 x 1.6 
XXX XX T x 1.0 XX 
Sweet Potato...... x 1.5 x 1.0 x 1.0 x 1.0 


‘Bloom removed. 
X Droplets retained. 
XX Droplets mostly retained, but some bounced off. 
XXX Essentially all droplets repelled. 
tMinor droplets produced but could not be identified with major drop due to bouncing. 
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Table 6. Behavior of droplets of different aqueous preparations of 2,4-D 
impinging upon the upper and lower surfaces of the lamina of leaf blades 
of different plants. All the 2,4-D Oe ere contained 0.5 per cent of the 
acid equivalent and 0.1 per cent Safranin O dye. 


Esteron 44! |Amine 2,4-D'/Amine 2,4-D*| Wholly | Na 2,4-p: | _Morpho- 
Water | line 2,4-Ds 
Species 
Up- | Low- | Up- | Low- | Up- | Low- | Up- | Low- | Up- | Low- | Up- | Low- 
per | er | per er per | er per | er per er per | er 
Dallis Grass...| 4 4 5t 5t 4 4 5t 5 5 5 | ST} 5T 
ES a 4 5 5 4 4 5t 5 5 S$ | STI 5T 
5 4 5 5 5 § 5T 5T 5 5 
Peanut.. 5 2 5 2 4 2 5t 2T 5 i 2 
eee 1 1 1 1 1 1 1 1 1 ie ow 1 
Snapbean 2t 2t 2t 2t 2t 2t 2t 2t 2t 2% asi. 2 
Sida spp...... 1 2 1 2 1 2 1 2 1 2 .o ww 
Soybean 
4 3 4 3 4 4t 4t 3 
Soybean 
pubescent) 3 3 2 3 4t 4t 4 3t 3 aes 3 
Lespedeza....| 5 5 5 5 5 5 5 5T 5 5 - 3 5 
Ladino clover 5 1 5 1 5 1 5t it 5 it 5 | 1 
Cotton....... 1 1 1 1 1 1 1 1 1 1 1] 1 
Crimson } } 
3 3 3 4t 4 | 23; - 
Johnson Grass | 4 4 5 4 5 4 3 4t| 5 | 5 | - - 


1A formulated product supplied by the Dow Chemical Co., Midland, Michigan. 
2A formulated product supplied by the E. I. du Pont de Nemours & Co., Wilmington, Delaware. 
*Technical grade. 
Some droplets adhered to leaf veins, petioles or margins. 
Several minor droplets formed. 
. 1, All droplets retained, spreading. 
2. All droplets retained, little spreading. 
3. Droplets mostly retained, some bounced off. 
4. Droplets mostly repelled, some retained. 
5. Essentially all droplets repelled. 


retained by the leaves of all species tested (tables 5, 7), and few 
minor droplets were produced. ‘The inclusion of other surface-active 
substances in water caused greater retention of droplets than oc- 
curred without the addition of the materials. Depending upon the 
particular surfactant added, the droplets impinging on the leaves of 
certain species, such as the common cereals, cabbage, and Ladino 
clover, varied in their behavior from essentially no retention to com- 
plete retention (tables 5, 7). 

Non-aqueous and Herbicidal Formulations: Droplets of oil and of 
the butyl ester of 2,4—D (tech.) were retained by the leaves of all 
species studied. Various forms of 2,4-D and commercial prepara- 
tions of 2,4—D prepared as 0.5 per cent aqueous solutions or emul- 
sions behaved differently when droplets impinged on the leaves of 
different plants (table 6). a which retained wholly aqueous 
droplets likewise retained droplets of all the 2,4-D formulations 
tested. Species difficult to wet with water, such as certain grasses, corn, 
oat and lespedeza, repelled largely the droplets of 2,4—-D prepara- 
tions. Notwithstanding, the different 2,4—-D formulations possessed 
varying wettability characteristics. For example, Dallis grass, oat 
and corn leaves repelled essentially all aqueous droplets containing 
0.5 = cent technical grade of the sodium and morpholine salts of 

4—D whereas droplets of the same concentration of 2,4-D prepared 
from certain commercial formulations were retained to some degree 
by the leaves. 
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Effect of Waxy Layer (Bloom): The waxy layer, bloom, was re- 
moved or disturbed on the leaves of some species by rubbing the 
surface lightly with the finger. By removing the waxy layer from the 
leaves of all the plants which otherwise repelled the droplets, com- 
plete droplet retention occurred. 

Because the waxy layer on the leaves of plant species appeared to 
be the most important character involved in repelling droplets, a 
limited study was made in an attempt to determine the nature of 
this layer. Glass slides were coated with a large variety of substances 
and the behavior of aqueous droplets impinging on these slides was 
observed. No material used caused the droplets to bounce from the 
slides. The contact angles of droplets impinging on slides coated with 
paraffin, tissue matte, and beeswax were larger than those for the 
other materials tested, however, all droplets were retained on the 
slides. 

The waxy layer was removed from cabbage leaves by washing 
them with ether and then the dissolved material was deposited on 
glass slides and also on thin cellophane. The deposition did not 
repel aqueous droplets. Apparently the physical properties of the 
natural waxes on the leaves of cabbage and possibly the resiliency 
of the leaves are important factors in repelling aqueous droplets. 


DISCUSSION 


Foliage sprays of herbicidal materials, applied uniformly over a 
mixed population of certain crop plants and weeds may affect differ- 
ently the various species depending upon the relative amount of the 
spray retained by the leaves of certain of the plants. Retention of the 
spray is dependent upon the characteristics of the spray and the 
species involved. Surface tension of the spray droplets, droplet veloc- 
ity, and droplet size are important factors which can be altered some- 
times to accomplish differential wetting. The results of this study 
demonstrated important differences between plant species with re- 
gard to retention of wholly aqueous droplets and aqueous droplets 
containing certain surface-active agents. As reported by Blackman 
(1950) wettability of leaves is determined by a combination of the 
physical and chemical nature of the leaf surface and the physical 
properties of the spray. Our studies showed that by removing or 
disturbing the waxy surface of leaves that normally repel wholly 
aqueous droplets, the leaves will retain water droplets readily. Also, 
the repellent character of leaves can be overcome by inclusion into 
the spray solution of certain surface-active substances. Commer- 
cially available surface-active materials added to water vary in their 
wettability properties. Accordingly, some care in the selection of 
agents to alter the surface tension of sprays is indicated. If it is 
considered important to use a surface-active agent in the spray solu- 
tion it should be one to accomplish the desired amount of spray 
retention by the undesirable species with little wetting of the crop 
plants. 

Additionally, the gross external morphology of the plant is an 
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important factor in the retention of . pe The angle and orienta- 
tion of leaves influence the number of spray droplets remaining on 
them. Soybean leaves in a horizontal position intercept and retain 
a greater —— of spray than leaves pointed at a 45° angle. No 
doubt the lack of retention of wholly aqueous sprays by many of the 
cereals and grasses under field conditions is attributable in part to 
their erect leaves. Sprays applied under high pressures may change 
the normal angle of the leaves of plants to such an extent that the 
droplets are repelled. 

Certain herbicidal sprays applied for non-selective killing of plants 
may be improved frequently by the addition of some surface-active 
agents. The materials increase the retention of sprays by the foliage 
of many species and may also enhance penetration or absorption of 
the herbicide. 

Sprays applied for selective killing are least hazardous to the — 
where the spray droplets possess high surface tension. For example, 
our data show that aqueous droplets containing herbicidal concen- 
trations of technical grades of the sodium and morpholine salts of 
2,4—-D are repelled by such species as corn, oat, and Dallis grass 
whereas droplets of certain formulated ester and amine forms of 
2,4—-D are retained to some extent. Weed species easily wet with 
aqueous sprays, such as dock and Sida spp., might be controlled in 
some crops, €.g., oats, with the greatest margin of safety to the crop 
by using herbicidal preparations comparable to the forementioned 
sodium and morpholine salts of 2,4-D. There may be many other 
dicotyledonous weeds which could be controlled selectively with less 
hazard if sprays of higher surface tension than many of the commer- 
cially formulated 2,4—D products were employed. Many instances of 
greater injury to cereals from the application of certain ester formu- 
lations as compared to aqueous sprays of the salts of 2,4—-D may be 
attributable to a greater droplet retention by the crop plant leaves 
than results from the latter sprays of higher surface tension. 


SUMMARY 


1. Studies on the influence of pubescence, leaf angle, surface- 
active agents, and other factors on the retention of sprays by certain 
plants and on the behavior of droplets impinging on leaves of differ- 
ent species are recorded. 

2. Pubescent soybean leaves retained more wholly aqueous and 
0.5 per cent Carbowax 1500 spray than glabrous soybean leaves. 
More Carbowax 1500 spray than wholly aqueous spray was retained 
by both glabrous and pubescent soybean leaves. Leaves in a hori- 
zontal position retained more spray than those at an angle of 45° 
from the horizontal. 

3. The increased inhibition of soybean plants treated with 2,4—D 
in a 0.5 per cent Carbowax 1500 aqueous solution over that of 2,4—D 
applied in a wholly aqueous spray was attributable to a greater re- 
tention by the plants of the former. 

4. Uniform size droplets of water solutions containing certain 
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surface-active agents and aqueous preparations of different forms of 
2,4—D varied greatly in their behavior upon impinging on the leaves 
of different plants. Retention of droplets of different liquids varied 
from essentially none to complete retention by certain species. Some 
species retained wholly aqueous droplets as readily as those contain- 
ing surface-active agents. The upper and lower surfaces of leaves 
differed in their capacity to retain droplets. 

5. Surface-active agents vary greatly in their wetting characteris- 
tics. It is suggested that the selectivity of herbicidal sprays may be 
improved by exercising care in choosing the form of herbicide and 
carrier to use. 
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object lesson in conservation for those who are wont to destroy all vegetation on a 
spraying job. 
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lating hormones in immature bean seeds. Science 114:159-161. Aug. 10, 
1951. 

51. Moewus, F., and Scuraper, E. Die wirkung von cumarin und parasorbin- 
saure auf das austreiben von kartoffelknollen. Z. f. Natforsch. 6b:112-115. 
Feb./Mar. 1951. 

52. Moyse, A. L’action des chlorates et l’'action antagoniste des nitrates sur le 
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métabolisme protidique et glucidique d’organes et d’organismes végétaux. 
Rev. Gén. de Bot. 58:319-335. June 1951. 

MuLuison, W. R. The relative herbicidal effectiveness of several derivatives 
of 2,4-dichlorophenoxyacetic acid and 2,4,5-trichlorophenoxyacetic acid. 
Pl. Phys. 26 (4):773-777. 1951. 


. Naytor, A. W. Accumulation of sucrose in maize following treatment with 


maleic hydrazide. Arch Biochem. & Biophys. 33:340-342. Sept. 1951. 


. Osporne, D. J., and Wain, R. L. Plant growth-regulatng activity in certain 


aryloxyalkylcarboxylic acids. Science 114:92-93. July 27, 1951. 


. OVERLAND, A., and Rasmussen, L. W. Some effects of 2,4-D formulations in 


herbicidal concentrations on wheat and barley. Agron. J. 43:321-324. 
July 1951. 


. SANForD, G. B., and Davinson, T. R. Effect of 2,4-dichlorophenoxyacetic 


acid vapour on tomato plants in a greenhouse. Sci. Agr. 31:368-371. 
Aug. 1951. 

SaTsyPEROVA, I. F. On the dynamics of phytoncide accumulation in Prunus 
padus fruits. (In Russian.) Akad. Nauk SSSR. Dok. 79:491-493. July 
21, 1951. 


. SHaw, W. C., and Swanson, C. R. Techniques and equipment used in 


evaluating chemicals for their herbicidal value. NWCC Proc. 6:1. 1952. 


. Stewart, W. S., Kiotz, L. J., and Hiecp, H. Z. Many uses for plant hor- 


mones. Citrus Leaves 31 (8):14, 42. Aug. 1951. 


. Tatum, L. A., and Curme, J. H. Some responses of young corn plants to 


maleic hydrazide. Pl. Phys. 26 (4):836-839. 1951. 
Tutus, E. C. Spray chemicals on rice before harvest for even maturity and 
low moisture. Crops & Soils 3 (9):26. Aug./Sept. 1951. 


. VAN OVERBEEK, J., BLONDEAU, R., and Horne, V. Difference in acti ity be- 


tween 2,4-dichlorophenoxyacetic acid and other auxins, and its significance 
in herbicidal action. Pl. Phys. 26 (4):687-696. 1951. 


. Vurros, A. J. The influence of environmental factors on the activity of crag 


herbicide 1 (sodium 2,4-dichlorophenoxyethyl sulfate). NWCC Proc. 6: 
57-62. 1952. 


. Werntraus, R. L., Brown, J. W., THrone, J. A., and YEATMAN, J. N. A 


method for measurement of cell-elongation-promoting activity of plant 
growth-regulators. Amer. J. Bot. 38:435-440. June 1951. 

Wrruner, C. L. Effects of plant hormones and other compounds on the 
growth of orchids. Amer. Orchid Soc. B. 20:276-278. May 1951. 


. Wrrrwer, S. H., and HANsen, C. M. The reduction of storage losses in sugar 


beets by preharvest foliage sprays of maleic hydrazide. Agron. J. 43:340- 
341. July 1951. 

Worcier, W. Disparition de l’amidon 4 la suite d'une application de 2,4-D 
sur les tiges de Cirsium arvense L. (Abs.) Schweiz. Natforsch. Gesell. Ver- 
handl. 130:174-175. 1950. 

Younc, H. C., and Carroii, J. C. The decomposition of pentachlorophenol 
when applied as a residual pre-emergence herbicide. Agr. Jour. 43:504—- 
507. Oct. 1951. 


Morphological and Anatomical Investigations 


Bracc, K. K. The effect of 2,4-D on the morphology and yield of potatoes. 
Canada. Natl. Weed Comt. East. Sect. Proc. 4:91-97. July 1951. 

Eames, A. J. A correlation of severity of 2,4-D injury with stage of ontogeny 
in monocot stems. Science 114:203. Aug. 24, 1951. 

. Leaf ontogeny and treatments with 2,4-D. Amer. Jour. Bot. 38: 
777-780. Dec. 1951. 

Gorter, C. J. The influence of 2,3,5-triiodobenzoic acid on the growing 
points of tomatoes. II. The initiation of ringfasciations. Nederland. 
Akad. van Wetensch. Proc. Ser. C, Biol. & Med. Sci. 54:181-190. 1951. 

Sass, J. E. Response of meristems of seedlings to benzene hexachloride used 
as a seed protectant. Science 114 (2966):466. Nov. 1951. 

Tarasusi, T. Chromosome breaks induced by q-alogeno-derivatives of naph- 
thalene and by g-naphtoquinoline. (In Italian.) Caryologia 3:370-380. 
1950/51. 
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Weed Seed Investigations 


Cartson, H. Help the seed cleaning establishments in their fight against 
weed seeds. (In Swedish.) Tidskr. f. Hushsallsk. och. Skogsvardsstyr. i 
Givleborgs Lin 26:124-125. 1950. 

Everson, L. E., and Dunnam, R. S. The effect of 2,4-dichlorophenoxyacetic 
acid on certain weed and crop seeds. Univ. Minn. Ag. Expt. Sta. Tech. 
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GIANFAGNA, A. J., and PripHaM, A. M. S. Some aspects of dormancy and ger- 
mination of crabgrass seed. NWCC Proc. 6:321-326. 1952. 

Ise_y, D., West, D., and Pont, R. W. Seeds of agricultural and weedy Brom- 
us. Iowa State Col. J. Sci. 25:531-548. July 1951. 

SuNDELIN, G. Preventive measures for control of weed seeds. (In Swedish.) 
Mjélkpropagandan 28:74. March 1951. 
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Cultural 


AnonyMous. Chemicals, flamings control cotton weeds. What's new in 
crops and soils. 4:28. Nov. 1951. 

Essar, M. Stubble tillage and weed control. (In Swedish.) Lantmannen 
35:661. Sept. 1, 1951. 

Giynne, M.D. Effects of cultural treatments on wheat and on the incidence 
of eyespot, lodging, take-all and weeds. Field experiments 1945-8. Ann. 
Appl. Biol. 38:665-688. Sept. 1951. 

Kau, R. N. Response of wheat varieties to weeding and harrowings. Agr. 
& Anim. Husb. | (10):15-19. Mar. 1951. 

. Studies on weed crop competition. Allahabad Farmer 25:103-115. 
May 1951. 

SHEWELL-Cooper, W. E. Success with sunflowers; a good cleaning crop which 
outgrows the weeds and gives them little or no chance of survival. Field 
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Suarez De Castro, F. Desyerbos con machete y plantas de cobertura en los 
cafetales. Agr. Trop. 7 (6):55-58. June 1951. 

Timmons, F. L., and Bruns, V. F. Frequency and depth of shoot-cutting in 
eradication of certain creeping perennial weeds. Agron. J. 43:371-375. 
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Veeuliohe, N. V. Methods of tilling black fallow in South-East of U.S.S.R. 
(In Russian.) Sovet. Agron. 9 (4):53-58. Apr. 1951. 


. Witson, R. W. Cultivation for the removal of weeds. (Abs.) ‘Tobacco Work- 


ers Conf. Engin. Sect. Proc. 1:21. June 6, 1950. 


Chemical 
Weeds in field crops 


Aperc, E. Recent experiences as to weed killing in fibre flax. (In Swedish.) 
Lin 5:33-35. Apr. 1951. 

ALpricH, RICHARD, J., and CAMPBELL, JoHN C. Effects of weeds, cultivations, 
and pre-emergence herbicides on potato and corn yields. NWCC Proc. 
6:199-207. 1952. 

Bavpacci, E., Crrerri, R., GRANCINI, P., Marini, E., PAuLin, G., and Toma- 
SELLI, R. Report on selective chemical weeding on wheat, rice, and corn 
during the year 1950. (In Italian.) Not. sulle Mal. delle Piante 14:52-63. 
Jan./Feb. 1951. 

BorpveLeau, R., and Correux, F. Progress report on the control of weeds in 
sugar beets. Canada. Natl. Weed Comt. East. Sect. Proc. 4:24-29. July 
1951. 


. Bropett, A. P., and Burkneap, C. E. Spraying and dusting major field crops. 


U. S. Bur. Agr. Econ. FM-88, 6 p. July 1951. 

Cartier, R. D., and Dion, A. Tests with newer herbicides for the control of 
weeds in onions. Canada. Natl. Weed Comt. East. Sect. Proc. 4:40—45. 
July 1951. 
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7. Cxtasson, T. C. Chemical weed control in potatoes. Canada. Natl. Weed 
Comt. East. Sect. Proc. 4:12-20. July 1951. 

8. Dantetson, L. L. Chickweed control in spinach. Va. Agr. Col. Ext. Veg. 
Growers News 5 (12):3-4. June 1, 1951. 

9. Fertic, STANFoRD N. Preliminary report on weed control in small grains 
where legumes are seeded using MCP and dinitros. NWCC Proc. 6:235- 
248. 1952. 

10. FREDERIKSEN, P. S. Investigations on chemical weed-control in fibre flax. 
(In Danish.) Lin 5:49-59. May 1951. 

11. FREED, V. H., WARREN, R., and Leacn, C. M. Selective weed control in grain 
and grass crops. Oreg. State Col. Ext. B. 719, 31 p. June 1951. 

12. Friepericu, J. C. Chemische onkruidbestrijding in vezel- en olievlas. (Re- 
sults of weed control trials in linseed and flax by selective herbicides). Ned- 
erlands Vlasinst. Meded. 16, 22 p. May 1951. 

13. Frorer, K., and ZrenkiEwicz, H. Chemical weed-killing in fibre flax. (In 
Swedish.) Lin 5:38-42. Apr. 1951. 

14. GRANHALL, I., and Zrenkrewicz, H. Inverkan av olika ogrisbekimpnings- 
medel pa skérdentbyte och kvalitet hos spanadslin. Kampen Mot Ogriset. 
Nyo. Framsteg I:65-73. 1948. 

15. GREAT BRITAIN MINISTRY OF AGRICULTURE AND FisHeries. The control of 
weeds in peas with DNBP. Gt. Brit. Min. Agr. & Fisheries. Adv. L. 376, 
4p. Mar. 1951. 

16. HamILton, R. H., and Avpricn, R. J. The use of certain esters of trichloro- 
benzoic acid for pre-emergence weed control. NWCC Proc. 6:65-73. 1952. 

17. Harrison, C. M. Controlling grasses in field crops. Hoard’s Dairyman 96: 
668. Sept. 10, 1951. 

. How to control weeds in the seed field. Hoard’s Dairyman 96: 

570-571. July 25, 1951. 

19. Herpert, G. H. Weed control in crops by low-volume spraying. So. Aus- 
tral. Dept. Agr. J. 54:455-456. Apr. 1951. 

20. KALINKeEvicH, A. F., and Lavrovsku, D.G. Chemical measures for weed con- 
trol in the plantings of branching wheat. (In Russian.) Sovet. Agron. 
9 (4):87-90. April 1951. 

21. Larsen, A. Weed control in fibre flax. (In Danish.) Lin 5:79-80. June 
1951. 

22. LasseTreR, W. C. The battle with the grasses. Prog. Farmer, Miss.-Ark.- 
La. Ed. 66 (10):19, 151. Oct. 1951. 

23. Linpen, C. H. Weed control in corn using various combinations of cultiva- 
tion, 2,4—-D and calcium cyanamid. NWCC Proc. 6:209-216. 1952. 

24. Linpsey, Ricnarp S. Herbicides for the control of wild garlic in barley. 
NWCC Proc. 6:251-256. 1952. 

25. MARSHALL, Ernest R. Preliminary results with herbicides other than 2,4—-D 
for weed and grass control in field corn. NWCC Proc. 6:225-230. 1952. 

26. Meapty, G. R. W. Large scale chemical weed control in crops. West. Aus- 
tral. Dept. Agr. J. (ser. 2)28:56-62. Mar. 1951. 

27. NEILSON, IJ Chemicals and practices for the control of weeds in corn. 
Canada. Natl. Weed Comt. East. Sect. Proc. 4:8-11. July 1951. 

28. PererseN, H. I. Weed-killing with chemical products in fibre flax. (In 
Danish.) Lin 5:35-38. Apr. 1951. 

29. Piacco, R. Use of selective weed killers in rice fields in the next season. 
(In Italian.) Colt. e Gior. Vinic. Ital. 97:167-168. June 15, 1951. 

80. Rareicu, S. M. Control of chickweed in alfalfa. NWCC Proc. 6:257-258. 
1952. 


, and PATTerson, R. E. Weed control in soybeans and corn. NWCC 
Proc. 6:223-224. 1952. 

32. Ripper, W. E. Chemical weed control in agriculture. Conf. Internatl. pour 
I’'Examen des Moyens de Lutte contre les Parasites de Plantes. Allocu- 

e tions, Proc. Verb., Rap., Commun. et Résolutions 1:229-237. 1951. 

33. Rocue, W. The importance of weed control in sugar beet production. Beet 
Grower 5:98-100. July 1951. 

34. Russett, R. Usos del 2,4-D en la agricultura para la destruccién de ciertas 
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malas hierbas. Serv. Coop. Interamer. de Prod. de Aliment Ser. Inform. 
Téc. 52,5 p. Mar. 1950. 


. Sasor, L. C. Speed soybean harvest by airplane treatment. Ohio Farmer 


208 (6):12-13. Sept. 15, 1951. 
Soutuwick, L. Death to weeds “in the Land of Cotton.” Dow Diamond 
14 (5):28-31. Oct. 1951. 


. Taruro, A. J., and MARSHALL, Ernest. Effect of different applications of 


varying rates of MCP to irrigated and non-irrigated alfalfa seedlings at 
different stages of growth. NWCC Proc. 6:259-264. 1952. 


. Tuorup, S. Weed control in spring crops and other crops. (In Danish.) 


Dansk Landbr. 70:249-250. May 31, 1951. 


. Tsrrovicn, I. K., and Snirkxo, Iu. S. Dynamics of weed quantity in (wheat) 


plantings treated with herbicides. (In Russian.) Akad. Nauk SSSR. Dok. 
77:449-452. Mar. 21, 1951. 


. Uext, K. Studies on controlling the weeds in the paddy field with 2,4,5-T. 


(In Japanese.) BotyuKagaku 16:96-99. June 1951. 


. U. S. Bureau oF PLANT INpbustry, SoILs, AND AGRICULTURAL ENGINEERING. 


Chemical weed control in cotton, by R. L. Lovvorn. Beltsville, 1951. 


. VANGELUWE, JOHN, and MARSHALL, Ernest R. Further comparison of MCP 


and 2,4-D as selective herbicides for use of small grains seeded with mixed 
legumes. NWCC Proc. 6:245-249. 1952. 


. Veatcu, Cottins. Four years of weed control in corn in West Virginia. 


NWCC Proc. 6:217-222. 1952. 


. VIANNA E Sitva, M. Weeds infesting the rice field. I. Indirect control 


measures. (In Portuguese.) Vida Agr. (Lisboa) 14 (84):4-5. July/Aug. 
1951. 

WRAAE-JENSEN, H. Weed control in the seed fields. (In Danish.) Dansk 
Landbr. 70:176-178. Apr. 12, 1951. 

ZANINI, E., and BALLATORE, G. P. Results of the use of selective herbicides 
in Sicilian grain culture. (In Italian.) Giard. Colon. di Palermo. B. di 
Studi ed Inform. 19:59-98. 1951. 


Weeds in horticulture, ornamental, and vegetable crops 


ANTOGNINI, Jor, and Perkins, D. Y. Additional experiments with aero cya- 
nate for weed control in onions. NWCC Proc. 6:129-132. 1952. 

Baitey, Joun S. Experience with some new herbicides on strawberries. 
NWCC Proc. 6:169-172. 1952. 

Baur, K. Chemical weeding tests at Puyallup. Nowest. Bulb Growers Short 
Course. 3:42-43. 1950. 

Benper, E. K., and Stark, F.C. Weed control experiments with spinach and 
canning peas. NWCC Proc. 6:141-147. 1952. 

Coss, J. S. Pre-emergence weed control treatments on potatoes. NWCC 
Proc. 6:193. 1952. 

DAaNtevson, L. L., MARSHALL, E. R., and VAN GELUWE, JOHN. Pre-emergence 
weed control in beans with water soluble dinitro compounds. NWCC 
Proc. 6:87-92. 1952. 

DeFrance, J. A., and Simmons, J. A. Inhibiting weeds in seedbeds with 
chemicals. Amer. Soc. Hort. Sci. Proc. 57:355-360. June 1951. 

ELLIson, J. Howarp. Further studies concerning chemical weed control and 
cultivation with potatoes on Long Island. NWCC Proc. 6:195-197. 1952. 

Freep, V. H. Ciemical weed control in bulb crops. Nowest. Bulb Growers 
Assoc. Proc. Bulb Growers Short Course 3:38-42. 1950. 


. HAMMARLUND, A. Weed control in nurseries and gardens. (In Danish.) 


Gart.-Tid. 67:176-178. Apr. 11, 1951. 


. Hempunity, D. D., Murnerk, A. E., and Smrtu, J. E., Jk. Chemical weed con- 


trol in horticultural crops. Mo. Agr. Expt. Sta. B. 549, 28 p. Apr. 1951. 


. Huysmans, C. P., and Gonccrijr, J. Chemical weed control in tea. (In 


Dutch.) Bergcultures 20:209, 211, 213. June 16, 1951. 


. D. R., Acpricn, R. J., and Bett, H. K. Effect of sodium 2,4~-dichloro- 


phenoxyethyl sulfate on the growth and yield of strawberries. NWCC 
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Tid. 67:206-207. May 2, 1951. 

JOHANNESSEN, G. A., and Orspker, N. New treatment promises control of 
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LacHMAN, WILLIAM H. Chemical weed control in asparagus and sweet corn. 
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LEKANDER, J. Control of weeds in pine and spruce nurseries with Shell 
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MARSHALL, Ernest R. Preliminary trials with some new materials as selec- 
tive herbicides in field beans. NWCC Proc. 6:231-233. 1952. 
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1952. 
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. PripnaM, S. M. S. Chemical weed control in the nursery. Amer. Nursery- 
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Proc. 6:293-301. 1952. 
11. Hackett, Davin P. Experiments on the chemical control of hardwoods in t 
Northeastern forests. NWCC Proc. 6:311-319. 1952. 
12. Hartocensis, H. Basal bark spraying clears right-of-ways. Rur. Electrif. 
10:33. Oct. 1951. 4 
13. JOHANSSON, F. Difficulties in eradicating barberry. (In Swedish.) Lantman- : 
nen 35:718. Sept. 22, 1951. ' 
14. KaLenicn, W. Bibliography on brush control. San Antonio, Sowest. Res. 
Inst., Range Mangt. Sect., Agr. Div., 1951. ‘ 
15. Larson, F. D., and Hutt, A. C., Jr. Subduing sagebrush. Our Pub. Lands 
1 (2):7, 13. July 1951. 
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16. 


17. 


18. 


24. 
25. 


Linser, H., and Primost, E. Uber die verwendbarkeit von holzfiassern bei 
der hormonalen unkrautbekémpfung. Pflanzenschutzberichte 6:161-177. 
1951. 

McNamara, J. J. Chemical control of brush; coyote brush effectively cleared 
by use of 2,4—-D in land conservation studies in San Mateo County. Calif. 
Agr. (Calif. Sta.) 5(7):5, 11. July 1951. 

McQuitkin, W. E. Weed killers of limited use in reforesting scrub oak bar- 
rens. U. S. Forest Serv. Noeast. Forest Expt. Sta. Noeast. Res. Note 6, 4p. 
Aug. 1951. 

PripHaM, A. M.S. Defoliation of nursery stock by chemical means. NWCC 
Proc. 6:275-281. 1952. 


. SHELTON, G. Mesquite spraying. Cattleman 38 (3):76. Aug. 1951. 
. Sperry, O.E. The use of herbicides in the control of poisonous range plants 


in Texas. Tex. J. Sci. 3:227-232. June 30, 1951. 


. Sucerrr, J. W. Chemical control of dormant brush. Canada. Natl. Weed 


Comt. East. Sect. Proc. 4:53-54. July 1951. 


. TINDALL, C. — pasture from brushland; 1,000 acre demonstra- 


tion proves it can be done on large scale. Mo. Rur. 92 (16):4-5. Aug. 25, 
1951. 

U. S. Rurat ELECTRIFICATION ADMINISTRATION. Chemical brush control; dor- 
mant treatments. Washington. 1951. 

Warp, R. K. Control of willows with chemicals. New Zeal. J. Agr. 83:123- 


125. Aug. 1951. 
Aquatic weeds 


. Bowser, Curtis. Rada for algae. The Reclamation Era 37:247-248. Nov. 


1951. 


. Bracc, K. K. An introduction to the aquatic weed problem. Canada. Natl. 


Weed Comt. East. Sect. Proc. 4:106-111. July 1951. 


. Vaas, K. F. Notes on the water hyacinth (Eichhornia crassipes) in Indonesia 


and its eradication by spraying wtih 2,4-D. Indonesia. Gen. Agr. Res. 
Sta. Contrib. 120, 59p. Feb. 1951. 


Specific weeds 


ALaRcoN, C., P. J. El bledo (Amaranthus), maleza util. Agr. Trop. 6 (9):56- 
57. Sept. 1950. 

AnonyMous. Well-timed cultivation control quackgrass. What's New in 
Crops & Soils. 4:28. Nov. 1951. 

BARABE, R. Progress report on the eradication of purple loose-strife (Lyth- 
rum salicaria L.) in Quebec. Canada. Natl. Weed Comt. East. Sect. Proc. 
4:83-90. July 1951. 

Berri, Y. On the control of Phalaris in our fields. (In Hebrew.) Hassadeh 
31:374-375. May 1951. 

Berritt, P. W. Banana eradication by the use of hormones. Queensland 
Fruit & Veg. News 1 (30):17-20. June 1, 1951. 

BoucuetT, R. L., DENNINGER, C., and Dumont, L. La lutte chimique contre 
la macre ou “Chataigne d’eau.” Phytoma 4 (25):8-17. Apr. 1951. 

BRONDEGAARD, V. J. A floral tormentor of peasants. (In Danish.) Dansk 
Landbr. 70:367. Aug. 9, 1951. 

CuarFFin, W. Bindweed —saboteur on Southwestern farms. Sowest. Crop & 
Stock 5 (8):12-13. Aug. 1951. 

Cirerri, R., and Bertosst, F. Inhibitory effectiveness of 0-isopropyl-N- 
phenylcarbamate on the development of Cynodon dactylon. (In Italian.) 
Ist. Bot. della U. Pavia. Atti (ser. 5)8:125-127. 1950. 

Coss, W. T. Control and use of Johnson grass (Sorghum halepense). Gulf 
Coast Cattleman 17 (8):7-8. Oct. 1951. 


. Cock, R. E. Thistles and their control. Tasmania. Dept. Agr. Tasmanian 


J. Agr. 22:240-245. Aug. 1951. 
Currie, C. Sleuthing for a thistle. Beekeepers’ Mag. 14(7):7-10. July 1951. 
Davipson, J. H. Controlling chickweed (Stellaria media), German knotgras 
(Scleranthus annus) and sorrel (Rumex acetosella) in strawberries. Down 
to Earth 7 (2):12-13. Fall 1951. 
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- DENMARK. Statens Forsggsvirksomhed I Plantekulutr. Flyvehavrens be- 


kaempelse (Control of wildoats). Denmark. Stat. Forsogsvirks. i Plantekult. 
Meddel. 470, 2p. Sept. 6, 1951. 


. Ence, G. The fight against Cuscuta trifolii. (In Swedish.) Kalmar Lins 


Norra Hushsallsk. Kvrtiskr. 10:70-71. 1950. 


. Encet, Ratpu E. Methods for Poa annua control require cooperation. The 


Golf Course Reporter 19:5-6. Nov./Dec. 1951. 


. Fiscner. Erfahrungen bei der bekimpfung des sumpfschachtelhalms (du- 


wock). Gesunde Pflanzen 3:153-155. July 1951. 


. Gacnon, L. P. Progress report on the destruction of cypress spurge (Euphor- 


bia cyparissias L.) in pastures at Baie St. Paul, P. Q. Canada. Natl. Weed 
Comt. Sect. Proc. 4:72-73. July 1951. 


. Gorpperc, R. E. The Jimson weed menace. Today's Health 29 (8):38-39, 


66-67. Aug. 1951. 


. Hamitton, R. D., Wurrrietp, C. J., and Rea, H. E. Chemical control of 


blueweed (Helianthus ciliaris). ‘Tex. Livestock J. 10 (9):56. Sept. 1951. 
Chemical control of Johnson grass (Sorghum halepense) on heavy 
soil. Tex. Livestock J. 10 (6):28, 30. June 1951. 


. Harris, G. A. St. Johnswort (goatweed) on western ranges. Mont. Stock- 


grower 23 (5):10. May 15, 1951. 


. Harvey, C. Bokhara — weed or wonder cloverit’s Madrid. South. Seedsman 


14 (10):19, 55, 58-59. Oct. 1951. 


. Kutt, B. 2,4-D can control Canada thistle. Idaho Farmer 69:649. Sept. 


6, 1951. 


. Lez, O. C. Canada thistle can be killed. Hoosier Farmer 36 (8):14-15. 


Aug. 1951. 


. Lorenzini, O. A. El abrojo grande y su destruccién. Bolsa de Com. Ro- 


sario. Rev. 39 (947):11-13. June 30, 1951. 

Marcel, E. Result of the second year of the control of Cyperus rotundus 
L. with 2,4-D. (In Italian.) Not. sulle Mal. delle Piante 14:20-26. Jan./ 
Feb. 1951. 


- Martin, G. C. Witchweed (Striga asiatica) control by spray methods. Rho- 


desian Tobacco J. 2(10):75-77-79. Oct. 1950. 


. Martin, J. A. Control of nutgrass (Cyperus rotundus) with chloropicrin. 


Larvacide Log 12:14-15. Jan. 1951. 


. Orcuarn, H. E. Weeds of South Australia; St. John’s wort (Hypericum per- 


foratum, L., var angustifolium, D.C.). So. Austral. Dept. Agr. J. 54:536- 
540. June 1951. 


- Ortiz GARMENDIA, J. El abrojo o cadillo grande, pertinaz maleza téxica para 


cerdos y otras especies. Campesino (Santiago) 83(5):51. May 1951. 


. PemBerton, E. J. Common bracken fern (Pteridium aquilinum); methods 


of control. Past. Rev. 61:622. June 16, 1951. 


. Prone, P. P. Controlling crabgrass and other weeds with chemicals. Gard. 


J. 1:47, 57. Mar./Apr. 1951. 


. Pratt, K. B. Halogeton; recognize it! fight it! Our Pub. Lands 1:6. Apr. 


1951. 


. Purpre, A. K. 100 per cent kill of hilltop thistles, first major aerial spraying 


in New Zealand. New Zeal. Farmer 72 (10):6-7. July 5, 1951. 


. C. C., STepHens, J. C., and RANpotpn, J. W. Tests with certain pe- 


troleum oils for the control of Najas guadelupensis (Spreng.) Morong in 
South Florida. (Abs.) Assoc. South. Agr. Workers. Proc. 48:175-176. 
1951. 


. Smva, N. A. Da. Razorsedge (Scleria tenacissima) and its control. (In Portu- 


guese.) Agronomia (Rio de Janeiro) 10:85-86. Jan./June 1951. 


. STraBLer, S. P. Chemical control of chickweed (Stellaria media) in alfalfa. 


Down to Earth 7 (2):16. Fall 1951. 
Tanvon, R. K. The use of 2,4-D in the control of baisuri (Pluchea lanceo- 
lata). Agr. & Anim. Husb. 1 (9):9-11. Feb. 1951. 


. VINTINNER, F. J. Ragweed and poison ivy control in New Hampshire. Down 


to Earth 7 (2):13-14. Fall 1951. 


. Warpen, R. L., and Jonnson, R. Halogeton in Montana. Mont. Wool 


Grower 20 (8):8, 21-22. Aug. 1951. 
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47. 


10. 


Warprop, G. Bracken beaten on the braes. Farmer & Stock-Breeder 65 
(3220):94-95. July 10, 1951. 
Wiancko, M. R. Where do we stand on the control of couch grass (Agropy- 
= repens). Canada. Natl. Weed Comt. East. Sect. Proc. 4:59-61. July 
51. 


. Witrarp, C. J., and Perers, R. A. The use of sodium trichloroacetate on 


Johnson grass. Down to earth 7 (2):10-11. Fall 1951. 

Wyman, O. L., and Hickey, J. C. How to control yellow rocket (winter 
cress) (Barbarea). Maine Agr. Col. Ext. C. 264, 5p. folder. Feb. 1951. 
ZEMLANSKY, J. Ragweed control programs in New Jersey, N. J. Dept. Health. 

Pub. Health News 32:275-281. Aug. 1951. 
Zirn, F. Héhere alpertrige durch borstgrasbekimpfung. Auf der Alpe 
6:41-42. June 1951. 


Biological 


ANoNyMous. Goatweed beetles doing fine job. Idaho Agr. Sc. 37 (1):6. 1952. 

BaLacnowsky, A. Los insectos auxiliares fitofagos. Siembra (Madrid) 7 (4): 
17-19. Apr. 1951. 

Cirerri, R., and Bertossi, F. Biologic methods of tests of selective herbicides. 
(In Italian.) Ist. Bot. della U. Pavia. Atti (ser. 5) 8:167-176. 1950. 

Hurraker, C. B. The return of native perennial bunchgrass (Danthonia 
californica) following the removal of klamath weed (Hypericum perforatum 
L.) by imported beetles (Chrysolina spP.)- Ecology 32:443-458. July 1951. 

Novitzky, S. The organization of biologic control for plant parasites and 
weeds in Europe. (In Italian.) Conf. Internatl. pour l"Examen des Moyens 
de Lutte contre les Parasites des Plantes. Allocutions, Proc.-Verb., Rap., 
Commun. et Résolutions 1:430-434. 1951. 

Soxo.orF, V. P. Biological control of weeds in compacted soil cultures. 


Science 14:271-274. Sept. 14, 1951. 


IV. CHEMICAL AND BIOCHEMICAL INVESTIGATIONS 


. Bereznecovskala, L. N. Activity of polyphenoloxidases in some plants in- 


fested wth parasitic eo and in the parasitic plants themselves. (In 
Russian.) Akad. Nauk SSSR. Dok. 76:859-862. Feb. 21, 1951. 


. Gricssy, B. H., and Batt, C. D. Some effects of herbicidal sprays in the 


hydrocyanic acid content of leaves of wild black cherry. NWCC Proc. 
6:327-330. 1952. 

KALININ, F. L., Ustimenxo, E. S., and OKANENKO, A. S. Nature of action of 
Aloe (arborescens and succotrina) leaf extracts on growth and development 
of plants. (In Russian.) Akad. Nauk SSSR. Dok. 78:145-148. May 1, 
1951. 


. Lynn, G. E., and Barrons, K. C. The hydrocyanic acid content of wild 


cherry leaves sprayed with a brush killer containing low volatile esters of 
2,4—-D and 2,4,5-T. NWCC Proc. 6:331-333. 1952. 


. Mitter, I. H., Jr., and Burris, R. H. Effect of plant growth substances upon 


oxidation of ascorbic and glycolic acids by cell-free enzymes from barley. 
Amer. J. Bot. 38:547-549. July 1951. 

NaKAMurRA, G. R., and Becker, E. L. Phosphatases of ragweed pollen. 
Arch. Biochem. & Biophys. 33:78-89. Aug. 1951. 

Payne, M. G., Furts, J. L., and Hay, R. J. Free amino acids in potato 
tubers altered by 2,4-D treatment of plants. Science 114:204-205. Aug. 
24, 1951. 

Raacte, M. H. VAN. Interaction of indole and hemi-auxins with indole- 
acetic acid in root formation. II. Nederland. Akad. van Wetensch. 
Proc. Ser. C, Biol. & Med. Sci. 54:117-125. 1951. 

Semercet, K. I. Acceleration of cotton growth and development by the 
roducts of anaerobic decomposition of alfalfa roots. (In Russian.) Akad. 
Yauk SSSR. Dok. 78:1049-1052. June 11, 1951. 

Suiek, H. G., and Byrne, H. E. Effect of some nitrophenols on the respira- 

tion of Myrothecium verrucaria spores. J. Biol. Chem. 191:783-786. Aug. 
1951. 
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. Wricut, N. Plants poisonous to livestock. Canad. Cattlemen 14 (7):12-13, 


WaAGENKNECHT, A. C., Riker, A. J., ALLEN, T. C., and Burris, R. H. Plant 
growth substances and the activity of cell-free respiratory enzymes. Amer. 
J. Bot. 38:550-554. July 1951. 

Welcet, C. A., Foster, A. C., and Carrer, R. H. Effect on truck crops of 
DDT a to the foliage. USDA Tech. B. 1034, 20p. July 1951. 

Zusovicn, I. A., and Kosozev, N. I. Problem of micro-dosages (of plant hor- 
mones) in chemistry and biology (growth substances as activators of cataly- 
tic processes). (In Russian.) Biokhimiia 16:12-23. Jan./Feb. 1951. 


V. SpectaL CHARACTERISTICS OF WEEDS 
Poisonous Plants and Their Control 


. AUSTRALIAN VETERINARY ASSOCIATION. Investigation Committee. Investiga- 


tions into the etiology and control of enzootic (toxaemic) jaundice of sheep; 
report for the year 1950/51. Austral. Vet. J. 27:203-206. Aug. 1951. 


. Bamey, J. W. Plants can kill animals; if properly fed, animals usually won't 


eat poisonous plants seen in burned out pastures. Hoard’s Dairyman 96: 
725, 737. Sept. 25, 1951. 


. Bentz, T. Nature’s poison foliage. Amer. Forests 57 (8):21, 31. Aug. 1951. 
. CHevaier, A. Les plantes-poisons de l'Oubangui et du Moyen Congo. Rev. 


Internatl. de Bot. Appl. d’Agr. Trop. 31:249-257. May/June 1951. 


. Connor, H. E. The poisonous plants in New Zealand. New Zeal. Dept. 


Sci. & Indus. Res. B. 99, 141 p. 1951. 


. Crooks, D. M., and Kepnart, L. W. Poison-ivy, poison-oak, and poison su- 


mac; identification, precautions, eradication. USDA Farmers’ B. 1972, 
July 1951. 

Duuren, A. J., VAN. The extraction of the poisonous substances from the 
seeds of Croton tiglium. Chron. Nat. 106:466-474. Dec. 1950. 

Ferrari, L. Poisoning by green hellebore (Helleborus viridis) of wild Marem- 
mana cattle. (In Italian.) Zooprofilassi 6:316-320. Aug. 1951. 


. Fortey, H. Sur la toxicité d’Allium chamaemoly L. Soc. d'Hist. Nat. de 


l'Afrique du Nord. B. 42 (1/5):17. Jam./May 1951. 


. Hopepon, A. R. Is onoclea sensibilis poisonous to horses? Amer. Fern J. 


41:61-62. Apr./June 1951. 


. Kipper, R. W., Bearpstey, D. W., and Erwin, T. C. Photosensitization in 


cattle grazing Bermuda grass. (Abs.) Assoc. South. Agr. Workers. Proc. 
48:80. 1951. 


. Krumuorz, B. Poisoning of cattle by oleander leaves. (In Hebrew.) Re- 


fuah Vet. 8:42-43. May 1951. 
Pearse, C. K. New trends in control of noxious range plants. J. Forestry 
49:498-500. July 1951. 


. Santos, E. Plants which kill fish and insects. Fauna (Sio Paulo) 10 (7):57- 


59. July 1951. 
Sj6serc, G. H. Dangerous plants. (In Swedish.) Tradgirdstidningen 23 
(7):22, 25. July 1951. 


. Stevens, O. A. Halogeton, a sheep killing plant. N. Dak. Agr. Expt. Sta. 


Bimon. B. 13:213-215. May/June 1951. 
Plants and other materials poisonous to livestock. N. Dak. Agr. 
Col. Ext. C. A. 158, 6p. May 1951. 


. Van Duuren, B. L., and Groenewoup, P. W. G. South African fish poison- 


ous plants. I, Preliminary chemical investigations of the tuber of Neorau- 
tanenia edulis C. A. SM.; Il, Determination of the fish toxic properties of 
the organic compounds isolated from the tuber of Neorautanenia edulis 
C. A. SM. So. African Chem. Inst. J. (n.s.) 3:29-40. Dec. 1950. 

Wacker, A. Une nouvelle légumineuse (Baphia nitida) du Gabon servant 
a narcotiser le poison. Rev. Internatl. de Bot. Appl. d’Agr. Trop. 31:327. 
May/June 1951. 

Wuirenair, C. K., Younc, H. C., Jr., Grsson, M. E., and Suort, G. E. A ner- 
vous disturbance in cattle caused by a toxic substance associated with 
mature Bermuda grass. Okla. Agr. Expt. Sta. Misc. P. MP-22:57-59. June 
1951. 


32: (8):22-28. 26-27. July.-Aug. 1951 
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Cueprasov, P. Wild cherry (Prunus avium) for control of gullies. (In Rus- 
sian.) Les i Step’ 3(2):82. Feb. 1951. 
Martin, A. C., Zim, H. S., and Netson, A. L. American wildlife & plants; a 
ide to wildlife food habits: the use of trees, shrubs, weeds and herbs by 
irds and mammals of the United States. New York, McGraw-Hill, 1951. 
Neoc!, S., and RajacopaL, K. A method for the production of carotene con- 
centrate from water hyacinth (Eichhornia crassipes Solms). (Abs.) Indian 
Sci. Cong. Proc. 36 (3):215-216. 1949. 
Pauzt, F. La propagation des mauvaises herbes. Rev. d’Oka 25:125-131. 
July/Aug. 1951. 


Pathological and Entomological Relationships 


Garser, R. H., ScHaat, L. A., and Furts, Jess L. The selective action of 
pentachlorophenoxyacetic acid against Streptomyces scabies (Thaxt.) Waks- 
man & Henrici in culture media. Phytopathology 41 (11):991-996. Nov. 
1951. 


- Hooker, W. J., and Suerr, A. F. Scab susceptibility and injury of potato 


tubers by 2,4,5-trichlorophenoxyacetates. Amer. Potato J. 28:675-681. 
Aug. 1951. 

Hsia, Yu-Tren and CurisTensen, J. J. Effect of 2,4-D on seedling blight of 
wheat by Helmin Thosporium sativum. Phytopathology 41 (11):1011-1020. 
Nov. 1951. 


- Ipranim, I. A. Effect of 2,4-D on stem-rust development in oats. Phyto- 


pathology 41 (11):951-953. Nov. 1951. 


. Menrotra, B.S. Effect of certain hormones on growth and reproduction of 


some species of Phytophthora. Cur. Sci. 20:131-132. May 1951. 


. Mrppceton, J. T., and Kenprick, J. B., Jr. Viruslike leaf malformation of 


spinach induced by 2,4-dichlorophenoxyacetic acid. (Abs.) Phytopathol- 
ogy 41:941. Oct. 1951. 

PeTursON, B. Effect of growth promoting substances on the germination of 
urediospores of crown rust. Phytopathology 41 (11) 1039-1040. Nov. 1951. 

Stoner, W. N. A 2,4-D chemical causes unusual injury to cabbage. Plant 
Dis. Rptr. 35:327-328. July 15, 1951. 

Tuunc, T. H., and Haprwipjaya, T. Growth substances in relation to virus 
diseases; experiments with Arachis hypogaea. (In Dutch.) Tijdschr. over 
Plantenziekten 57:95-99. May/June 1951. 

WarrEN, J. R., GRAHAM, Freperick, and GALE, GLENN. Dominance of an 
actinomycete in a soil microflora after 2,4-D treatment of plants. Phyto- 
pathology 41 (11):1037-1038. Nov. 1951. 

Wricnut, Joyce M. Phytotoxic effects of some antibiotics. Annals of Bot., 
N. S. XV (60):493-499. 1951. 


VI. NATURE AND PROPERTIES OF CHEMICALS Usep AS HERBICIDES 


ANDREN, F. Experiences from using arsenic impregnated wood for green- 
house purposes. (In Swedish.) Sweden Stat. Vaxtskyddanst. Vaxtskyd- 
dsnot. 2/3:38-40. May/June 1951. 

BarnsLey, G. E. Oil fractions as selective and total weedkillers. World 
Crops 3:399-401. Oct. 1951. 

Bertossi, F., and Cirerri, R. Contribution to a knowledge of the inhibitory 
activity of r-hexachlorocyclohexane. (In Italian.) Ist. Bot. della U. Pavia. 
Atti (ser. 5) 8:129-138. 1950. 

Bucna, H. C., and Topp, C. W. 3-(p-chlorophenyl-1,1—Dimethylurea —a 
new herbicide. Science, 114 (2967):493. Nov. 9, 1951. 

Carrot, R. B. Activation of sodium 2,4-dichlorophenoxyethyl sulfate. 
NWCC Proc. 6:63-64. 1952. 

DraBkin, B. S. On the nature of volatile fractions of bird cherry (Prunus 
avium) phytoncides. (In Russian.) Akad. Nauk SSSR. Dok. 77:1067-1070. 
Apr. 21, 1951. 

Finn, T. P. “Herbicide 1” offers new technique for agricultural chemical 
weed killer. Agr. Chem. 6 (9):53, 55, 93, 95, 37. Sept. 1951. 
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. Foster, A.C. The stability, persistence, and effects on plant growth of some 


of the new insecticides in soils. (Abs.) Assoc. South. Agr. Workers. Proc. 
48:68-69. 1951. 
Frans, Ropert E., and Avpricu, Ricnarp J. Soil sterilants for the control of 
perennial weeds — progress report. NWCC Proc. 6:23-31. 1952. 
Gotpswortny, M. C., and Gertier, S. I. Fungicidal and phytotoxic proper- 
ties of 412 synthetic organic compounds. Plant Dis. Rptr. Sup. 205:176- 
189. July 15, 1951. 


. Hamitton, C. C. Toxicity of new insecticides to trees. Amer. Nurseryman 


94 (8):15, 67-69. Oct. 15, 1951. 
Heacy, A. B. Report on herbicides. Assoc. Off. Agr. Chem. J. 34:674. 
Aug. 15, 1951. 


. HorsFatt, F., Jr. TCPPA (2,4,5-trichlorophenoxy-propionic acid) a new 


stop-drop spray. Va. Fruit 39 (8):27-28, 30. Aug. 1951. 


. Kine, L. J., and Kramer, J. A., Jr. Studies on the herbicidal properties and 


volatility of some polyethylene and polypropylene glycol esters of 2,4—-D 
and 2,4,5-T. Boyce Thompson Inst. Contrib. 16:267-278. Apr./June 
1951. 


. Menrinc, A. L. Use of pesticides and weed killers in fertilizers. Assoc. 


South. Agr. Workers. Proc. 48:67. 1951. 

Parxdo, J. Da C. The nature of plant hormones and their action as herbi- 
cides. Selec. Agr. 6 (63):19-21. July 1951. 

POLAND, J. Ltoyp. General progress report on field studies with endothal. 
NWCC Proc. 6:45-55. 1952. 

Porter, R. P. Weednix (sodium isopropyl xanthate) a new selective contact 
weed killer. Larvacide Log 12:29-30. Jan. 1951. 

Rece, F. De. Study of surface tension of liquids and solutions. (In Italian.) 
Risicoltura 39:76-87. Apr./May 1951. 

Roux, E. R. Selective herbicides. So. African Indus. Chem. 5:158-160. 
Aug. 1951. 


. STANDEN, J. H. Two herbicides for use in greenhouses. NWCC Proc. 6:291- 


292. 1952. 

STOECKELER, J. H. Hydrocarbon content and storage period affect toxicity 
of mineral spirits used as selective herbicides for red pine (Pinus resinosa) 
nursery beds. J. Forestry 49:647-649. Sept. 1951. 

Waiter, S. H., and Paterson, D. R. Inhibition of sprouting and reduc- 
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